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PREFACE 


The gjddjjig^rineipfe in the preparation of thus book fyas been to kdej) the agri¬ 
cultural aspects oi the subject uppermost. In *Ue belief that thipuser of implements 
and machinery must umfprstiyfd the dbjtsts of the .various farm processes before 
lie can select and operate*!*'if|5pliances to tjie best advantage, 1 have prefaced each 
chapter with a discussion of the work of the implements to be therein described. 

The book is not offered as a complete treatise on ferm engineering,*and it has 
not been written specifically Jo meet requirements of students reading for 
examinations, although, with tjie continued practical tendency of agricultural 
eduqgtiffn? it may be increasingly TielpfuUlo such readers. m Its purpose is to*aiftist 
the progressive farmer who jrisheg, tg jjSiderstand the*tf^ and workings of farm 
implements and machjgqf), how tiVselect those ykely *o ft fnost useful to him,*and 

how to adjust, opWate, and cariffqr them. 

® * # 

I have much •pleajur^in acknowledging the Assistance of the many firms of 

implement makers whip have fcnt blocks or photographs for phe illustration of the 

book : their names apjjeai* under the respective figures, fin the preparatfon of the 

blocks for the p<inter, the'art staff of the publishers have rendered valuable help. 

I also gladly acknowledge the ilse maije of the results of tlR trial?, carried out by the 

R.’A.S.E., the H. & A.S.S.,*thi» & T., ail'd fhose conducted in-'EtatnJe 

JJ. Max. Ringelmann. 

J. R. BOND. 


Derby, January 1923. 
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Foreword 


The great nee$ dt tjie present time # in agriculture is to lower the costs <of ’production 
so that faod max be. prodifeed at a price whiter-is Within the means* <if the ordinary 
wage-earner, ana at th^same'time leaves a margRi of profit.to the farmer and farm- 
Ihbourer. “The chief item j* ihe cost of farm pfoduce is labour, and one possibility 
would be to reduce the*wagf s p*aid per week or per flour till they correspond with 
the selling price of the crop gtbwn. But, asltye all kyow, this is'not a good way; 
it drives the best youi'g men and women away frijm agriculture, and it leaves a 
hostile feeling between farmer and labourer which might easily be worlced up to a 
danger<«s extent. A far betteresoursefs to increase the efficiency of the porker 
so that he can do more food production work in a week thafi was previously possible, 
and thus be able to turn out fctyd at £ lower cost, but wjthout less (perhaps even 
with more) fi?miteration to hirflself. The better fmd fuHer use of machines^ offers 
an excellent prospect of improvement (p this direction. *' * * * 

Unfortunately many farmers are not mcchaiflcally minded. They have an in¬ 
stinctive feeling for animals, especially for horses and fa? live-stock, and in dealing 
with them oft.iyi obtain remarkable results that .arouse the admiration even of the 
expert. But thfcy have not the same feefjpg for a machine, and it is by no means 
uncommon to see unsuitable implements in uae.fir good implements not used.to the 
best advanta;(fe, or implemipts left exposed to weather in a wa^ that wguld grieve 
any good engineer. Matters have improved of recent years “the’coming of the 
motor-cycle and the cheap light car has given a personal touch to machinery* that 
it ladfce$ before, and, as is demonstrated at every agricultural show, the younger 
generation of farmers is evincing an interest in engines and implements fhat augurs 
weft for the futu?e. The Ministay olericulture has set up a Machinery Committee 
where farmers meet manufacturers and .distributors, and where all parties concerned 
can discuss the important problems of making the machine fit tlTe task and the 
farmer’s pocket. 
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In the main the farmer’s education in mechanical matters r has not been systematic, 

and he requires Considerable help. Mr‘Bond gives him this: 'he shows what an 

implement can do, how best it should be used, and how it should be tre£fted*so as 

to ensure a lohg life of continued effectiveness! This is the kind o'f book that has 
* . ' > # t , • J. , i J 

long been wanted; it is very practical—givjng details and.illustrations ef actual 

implements of good type,—and it is entirely impartial as between one firm of 

makers and another. Mr Bond has long been recognised 4s one of .the best of, 

the County Advisory Officers and as having a'special knowledge of farpi implements 

and machinery. In' this book he gives freely of his knowledge'and experience on 

the subject. ' 

An important difficulty attending the wider use of machinery on the farm is that, 
many farm operations are not continuously repeated, but need doing only a few 
times during the year, and the machine; having done* its work, must stand unused 
until its particular operation becomes again due. Thus there arc many admirable 
implements' which farmers would gladly adopt, but inasmuch as they are idle for 
a great part of each year, the capital charge becomes, unduly heavy. This difficulty 
is bound to be accentuated as time goes on, and a solution mus' be found. Whether 
the best method lies in co-operative use of Implements, in an extension of tffe hi-ing 
system, or in some other ray, such as the development of multiple purpose imple¬ 
ments, we need not here discus.* That the problem will be solved we, can have no 
doubt. Meanwhjle, agriculturists will be grateful to Mr Bond for tue help this boplc 
will give them. E. J. BUSSELL., 

Rothamsted Experimental Station, 

Harfenden, January 1923. 
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CHAPTER I 

TILLAGE* 

Meaning.- -Although een.aji»su»r» appear to tpive aAiatural tendency to produce grass 
if left uncultivated, no Ifftid tjiat wie British farmer handles would similarly bring 
forth wheat, turnips, or red clover. These and Jnost other arable craps are artificial 
forms of vegetation, anti prosper only when unTlyr man's protection and support. 
In the first place, they are in<&[>ajjle of gaining possessitfh of the ground if it is already 
occupied by weeds; th^se competitors must first be suppressed by artificial processes. 
In the sespnd place, they attain satisfactory development only when the soil o has 
been^uitably prepared for their reception and is maintained tlfroughout their growing 
period in such a state as is favourable taajrop growth. • • 

With a view to making the soil n.s favourable js popaibli for the crop at all stages 
of its growth, tTie luisbandman subjects it to treatment of vafious kinds, including th<? 
•addition of plant food for the butter nourishment of tile crop**limt? to'rSmove injurious 
substances, and, if necessary, djainage to take away excess moisture and admit air. 
These processes are all included in the term “ cultivation,”^yidtillage is one branch 
of cultivation. The term “ tillage ” refers to the mechanical operations to which the 
soil is subjected fti the regular course of crop production. 

Objects ok Tillage.— Stated in general tyrms, the objects of tillage are to relieve 
the crop of competition with weeds anil to bring qjiout and,maintain that physical 
stale of the soil ijhich experience's shown to favour the development of crop plants. 
This condition is known by the term “ tilth. 4 ’ Eaclf crop habits own special require¬ 
ments with regard to tilth, mid in order that these requirements may be met, account 
Tias to be <taken of the variable factors of soil, climate, and time of sowing. There 
ale, however, certain commofi features of.good tilths for different crops; a good tilth 
is clean, sweel, moist, fine, firm, and deep at the time 6f seeding. These qualities 
favour crop development, because they offer a soil that allows of the wide, deep, and 
rapid extension of root fibres, and furnishes air and moisture to the roots and to the 
germs engaged in the preparation of the nutriment sought by the roots; and the 
cfpp has not to compete with weeds for the supplies of food, moisture, dir, and light. 
Another factor of crop growth, warmth, cannot to any appreciable extent be controlled 
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by ordinary tillage operations. Indirectly it is influenced oby the control of moisfure 
in the soil; buf the control *of temperature can hardly be included in the list of the 
regular objects of tillage. ' , 

Although tillage operations are mechanical processes, tilth is> not merely the 
direct result of giechanical movement of the slil. Thf influence of theiweather on the 
soil is an important factor in tilth formation, c and the Mechanical part <5f tillage is more 
or lesft subservient to weather' considerations. * 

Aeration. —Soil that has borne a crop such as potatoes, during the growth of which 
it is frequently stirred, may (after this crop has bbeq removed) be immediately scJVn 
with another cr0.p after only such tillage as map'be desirable to'enable- tjio-drill to 
work efficiently. Oa the other hand, if the land has been under a corn crop, during 
the growth of which it has lain undisturbed for several -month's a'preparatioi), merely 
sufficient'^ enable thp seed to be drilled would not ensure the development of as good 
a following crop afe that soil nrigKbe capable of producing. "Such-a superficial tillage 
(apart from the questions of manure anfl w«ds) suffices in the first case and ddeH.pt 
in the second, chiefly because tlie soil has been^vell aerated in the one and badly 
aerated in the other. The fact that grass and clover, seeds can be sown in the spring 
and continue to occupy the ground*after the removal of the corn crop, without such 
aeration as-above-mentioned, is apparently an exception, attributable to the special 
character of these plants ; the grasses pd clovers rate more adapted to settled con¬ 
ditions of soil than corn or green crops. > 

Aeration is undoubtedly one of the Main objects of tillage. Oxygendx required 
for the germination oi seeds, the respiration of the underground parts of the plant, 
and the activity of the beneficial germs in‘■the toil. ‘'Some of the benefits of working 
the land at seeding Jihie- and during the growth of the crap are thus attributable to 
“the' ventilation of the soil. It cannot be said, fcoWever, that the fertilising effects of 
aeration are fully understood. 4 Prolonged aeration has an effect, which the farmer 
expresses by the term “ sweetening ” ; this is not necessarily connected with' the 
supply of oxygen to seeds, roots, or gerips, as the soil may be well sweetened at a time 
when life processes are dormant. Long and thorough exposure of the soil to the 
atmosphere certainly facilitates-pulverisation, and thereby helps tu ensure aeration ; 
but even in soils with no tendency to f/lrm clods, aeration is beneficial. For instance, 
peaty soils, which do not require .weathering to ensure complete pulverisation, bepefit 
from winter ridging. Possibly the effect of prolonged exposure of the soil to the 
action of-the air,'is to decompose organic compounds that are in some way injurious 

to plant growth. . » 

- -po ensure aeration, the soil must be broken up out of its settled condition and left 
in such form as will facilitate the entry and circulation of air among itp particles 
If there is little time in autumn between the dates of breaking up and of sowing the 
next crop, the soil should be pulverised as soon as possible, and perhaps stirred again 
before sowing. On the other hand, if the soil iti to lie through the winter, it should 
not be left with a level pulverised surface,-otherwise it would be liable to run together, 
and in that condition it would hold moisture in the surface to the exclusion of the 
desired air. The better practice is to leave the soil in plough-seam or with some 
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roughness'of surface to facilitate percolation ,of rain and to avert the fine particles 
running together; this also exposes «• greater surface t<f the air. Leaving the land in 
ridges and splitting them back during the winter is also good practice from the point 
of view ‘of aera^on. in any case, it is .the under parts o£ the soil that are most in 
need of aeration ; hence ploughing, \4hich brings these to the top^is * particularly 
good form of tillage for SutUifin work. t And subject to proper safeguards, which will 
be mentioned faftr, the deeper the soil is ploughed, the deeper the benefits of aeration 
will extend. 

x Moisture— ModernWl sejenjists all agree on the imfwrtayce of moisture in crop 
produation syid the writings #f Such ahthoritlks as Sir Ddniel Hall; Sir John Russell, 
and Professor T, B. -Wood differ from tfyise of their predeeessof#.in the leadership of 
British agjicultyrSl sjienci! in the emphasis tKey lay on the need for storing"and co»- 
serving a good supply of moisture for the use of the crop during the active growing 
months. Crops lequirt! enorngnfs quantities ot'wjitsr ; a 30-tcms crop of mangel, 
fey iffstance^consumes ab'sut 1500 tons,’End*,i G-(juarters crop of oats about 1200 tons. 
An inch of rain amounts to*lT)>tone per acre, so that the above yields correspond to 
about 15 and 12 inches of rainfall respectively. . 

If all the rain that fell on the mil during theSnost active growing months actually 
remained in the soil and subsoil for the use of crops, if would .still be only in the 
wetter districts that good crops, could be gignvii. But* according to the RothamSted 
records, only about oge-third of the rain falling during April, May, June, July, and 
August percolates through the soil, the lVst being lost by evaporation. Hence a 
normal fall of 2 to 3 inches pflr month from April to August wijtld not suffice for yields 
of more than 6 to 10 tons per Jo re pfrroirtaor 12 to 20 bu^bsls of oats. Summer rains, 
though beneficial. cannoLthereford be'relied upmj to jfnficAfor the production of good 
crops. The crop must draw upon rgserves and supplies other than those comingfroift 
time to time in tlnj form of rain during tljp growing period.*’ • • • 

* The six or eight inches of rjpptli usually tilled cannot store and furnish Hie extra 
moisture required in tire production of a _good crop. A«yonifiderable part of'the 
’moisture present in the soil proper is often dried out in the operations needhsary to 
the formation <!T«t seed-lied* This loss must be made good by the rise of moisture from 
the subsoil, and fflrther supplied of moyiturCjiiust rise in the same manner to furnish 
thp crop with the quantil y necessary for satisfactory yiglds. As explained above, from 
a half to two-thirds of the moisture needed for a good crop must jome from subsoil 
reserves. It is obvious, therefore, that* "the storing and'conservation, of subsoil 
moisture is an important ftictor in crop production, and, being greatly influenced by 
tillage operations, may be regarded as one of the main objects of tillage. 

If fh^soil be shallow anct near the sglid rock-—as is the case in many parts of the 
limestone districts—good yields are possible only when the seasonal rainfall ^ favour¬ 
able; as there is up depth of subsoil tg serve as a moisture reservoir. If the subsoil 
be of an open gravelly nature, as fti the’case of the pebble-bed formations, there is no 
subsoil reserve of moisture and the land is «f little agricultural value. Again, when the 
toil rests on an impervious layer, or when a hard pan hinders the deep percolation of 
moisture, the subsoil cannot supply the moisture needed {or good crops. Heavy soils 
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under which a hard plough-pan has fornfed may be vqry misleading to the cultivator. 
Owing to the slo c w percolation of moisture into die subsoil, they lie wet all winter and 
far into the spring 1 . After the soil has been dried sufficiently to form u tilth, the crop 
makes only' indifferent growth owing to deficient or tardy supply ef moisture from 
below. In tSus^ase an important, improvement would be the breakjng of the pan 
with the'subsoiler to facilitate percolation. ,For the best results, however, a certain 
proportion of the moisture passing through the soil and subsoil should pass away into 
natural or artificial drains £ . The soil apparently needs a little cleansing to take away 
salts that otherwise accumulate in the soil and injure,the crop. " ■*’’ 

The months djiring which a large?proportion of the rainfall may be stored in the 
subsoil are October-to March-. In dry districts particularly, it is important-that the 
land be ploughed or otherwise loosened so that the rains' of October and,Noyember 
may readily enter the„groundt If also the land be ploughed,in such a fashion that 
the rain can reach'the subsoil-quickly and without having fa percolate through the 
whole of the soil, there will be less loss'by 'evaporation and a greater proportion.,of 
the rain secured. Further, this early autumn tillage? wtilf by its exposure of the soil 
to weathering influences, so facilitate the spring cultivations as to reduce the loss of 
moisture otherwise liable to be incurred in the preparation of the seed-bed. One of 
the greatest advantages of autumn cleaning is that it saves loss of moisture in spring. 

‘Havipg caught the autumn and winter rains, caw must be exercised in the spring 
to avert the loss of these reserves. A timely cross-ploughing in February or March, 
whep practicable, checks the escape of mojsture from the subsoil and allows'the upper 
layer to dry out for further working and refinement? After the requisite degree 
of pulverisation has been secured, the soil is sib firmed to' restore the moisture connection 
with the subsoil and,,bting upjsupplies for the use of the seed and tpe young roots. 
The 'upward current must, however, be arrested ..before it reaches'the surface, other¬ 
wise there would be loss by evaporation.. With this object in .view the surface is 
kept loqge and dry as long as possible during the growth of the crop. 

Fineness. —The'-husbandman aims.to obtain a certain degree of fineness in 
the soil composing his seed bed, the actual degree of refinement varying according to 
crop, soil, and time of sowing. Pulverisation entails loosenbss of texture ; but both 
the fineness itself and the looseness that is associated therewith are only temporary 
requirements, being concerned with the aeration of the 1 soil, the control of moisture, 
and the proper filming of the seed-bed after aeration, rather than with the immediate 
needs of the plants roots. 

Pulverisation is essential to the action of the air on every soil particle ; the attain-, 
ment of a fine tilth is, therefore, ‘necessary for a proper aeration of the soil. Pulverisa¬ 
tion has, however, a leading part in the management of the moisture supplies in the 
soil; and'on heavy land the moisture content of the Soil has an important bearing 
on the attainment of a fine tilth: If heavy soil be tilled when too damp, not,only-’ 
will the particles fail to separate as desired, Tbut dii the contrary they will on drying 
cohere more firmly and form clods. On the other hand, if such land be allowed to 
dry through' in lumps, these also will harden and form clods, unless they have 
previously been frozen through. With a view to securing % fullest advantage of 
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the assistance of frost, hea*y soils are preferably ploughed in autumn and if prac¬ 
ticable reploughed sometime.before the.end of February, so that J)6th sides 

'"EE.dTmSture that occurs in spring, when a soil is exposed to ^jing winds 
while in solid M lumpy cc*iditi0n, may Seriously affect the prospects of % crop t 

tap. themielvra out, .MW owing « th, l«go « = 
abont thepi, considerable quantities oi moisture maj escape from the lower lay 

" WST^”'*tion <hi.i»«- »”>*-*' P"'° f in * ”' d -“ r y d 

„XLbl, to crop growth* The clod, bddgc open m* under 

thus preventing the rise of moisture into the region of the seed and young roo s an 
whenTSods RaJe drumbl^ down,'as they ultimately da, the soil s .11 lacks that 

£ness which is requisite £ f pd growth *^ «“■***£ 8 “b£ 
oi a crop sown on a properly prepared #ee<Vbed is ft different matter. The object 
in this case Ik although usua«y.^oncerned with the destruction of weeds to arrest 

1 L ol moi.»;.' W«*"*>»*'» *-^- 1 **** woold 

escape by evaporation. This loosq surface layer gjso acts as a soil ventilator. 

In farm practice pulverisation has a numbed of. functions other than those^men¬ 
tioned above. WeedsTcannot.be drawn out of the soil until lk bas been so refi 
it falls awav from them. Fertilisers cannot Tie thoroughly mixed With the sdil unless 
be sufficiently 0 refined. Aud c.nn.t be drilled r.gulucl, and .t . umtem 
lp**“,Ll with . snj table protective I.,., oi .oil, »le» the -riWta- 

b *FiuZSl “teleltud are eom.wbat oppeeite eharactere. TI J'H 

Jit be welb aerated «Vl.» to tmm. be M« *« J* tb«ja rt,.l f bw 
wepftrated sufficiently for the circulation of air aboutw among then*.. The condition 
thL is requisite for thorough aeration is not. however/suitable for the growth of crops 
After the soil has been sufficiently exposed to the sweetening influence of ® 
must be restored to such a consistency as is favourable to rwot action-,*. a suitable 
degree of firmnes^ must bf rtstorefl to the layers benpath the surface. 

All farm crops,require an grated but somewhat firm rooting-ground. Some 

.JL X.t, cLr’and rejl, «U«r a Urn. «**» of »• ‘ k “«£ 

as barley and potatoes. Firmi^s is requisite for 'Sevdfal reasons .-The plant must 
have a luitable ‘anchorage. Then the feeding organ,-the coot f 
themselves closely against the soil particles, in order to draw upon the film of moisture 
surrounding them and to attack soil constituents not already '^ 8olved d^e niois qre 
61m Further, as the moisture is used up or dried from one part of the soil, it i 
desimbt «ha*% loss bb replaced from another part, usually the lower lag Jbe 
movement of moisture cannot take place in a loose spongy mass. the P^es 
•be insufficiently ctt.se contact. Qp flh other hand, if the mass of P^ ^ 0 
loose and open, moisture will escape by evaporation. Lastly a 
and open at the time of sowing tends to settle upon itself when left to tfee of 

gravity and surface tension. The seed and rootlets, being lighter-than, the particles 
o sand and clay and Wrming a connected structure, do not subside with the bulk of 
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the soil and are consequently left nearer the surface than lnay .be desirable to escape 

inj ury from either frost pr drought, as the case may be. ’ • 

The soil-particles, after having been separated or clotted by timelytillage.’do not 
immediately'settle down to form a solid mass./ When the lower la/ers,have regained 
their connection with the subsoil and moisture has hegufi to move uipwards from 
particle to particle, the soil gradually assumes more cohesion; this ptfojferty extending 
upwards. The particles do not, however, cohere so closely as in untilled land, where 
the pore spaces between the particles may be so small as to restrict the.spreading^ 
root fibres and prevent the proper circulation of qjr ip, the soil. • . 

Natural settlement before sowing is undoubtedly preferable to artificial con¬ 
solidation before or after sowing. In the one case the sojl firms-from below upwards; 
in the otheijtlje soil is made firmer at the surface than underneath. ‘^kiMuf consolida¬ 
tion may reduce the difference, Ga/deners like to prepare their oriipn beds some timp 
in advance of the date of sowing, and the practice might \yith advantage be adopted 
in agriculture. On certain soils it is undesirable to'relipe the surface until near fhe 
time of sowing, otherwise there is danger of theVurface nlnning together under the 
influence of theuains; but in the cane of corn crops sown in the autumn it is better 
to perform the neepssary harrowip§ immediately after ploughing rather than delay 
it uiitil just before drilling. In the case of roots sowp after cleaning the land in May, 
a “ plant ” is often secured by ploughing up a little moist soil in which to drill. The 
plant comes, but its progress is poor until the soil has assumed the requifjjte degree 
of firmness and moistn^s to support proper growth. The better practice is to oBtain 
the necessary firm moist condition by consolidation and time before sowing. 



CHAPTER II 


THE WGtfH OF THE PLOUGH 

FUNCTIONS OF' THE PLOUGH 
* • * 

Ploughing is the basic tillage operation. The aetion«of the plough dijjfejs-from that 
of other tillage implements in that it inverts the burying and*assisting the decay 
of.ve&etatiog and organ ii.matter on the surface and bringing up a layer of soil from 
below to be sweetened and weathered for the use of the succeeding crop. It aerates 
and mixes the soil to a greater extent than is possible with* tine implements, which only 
stir it. Ploughing is almost indispensable when there is much dead orJiving vegetable 
matter to cover and incorporate in the soil; and it is usually pecessary to plough 
when the object is to aerate th’eooil to a dcgth greater'than about four inches. * 
Under certain conditions to be explained, it is desirable to move and aerate the 
soil deeply without at the same time breaking it up so finely that it retains much 
moisture or runs together under the influence of rains. The {Sough is the best imple¬ 
ment with which to attain this?objeo* ; for by means of /suitable breast the soil may 
be laid up in seams that shed the rftin into the suljsoil^yemain intact until the time for 
further disintegration, and meanwlyle expose a Ihrge surface to the fertilising effects 
' of air and frost. Jor moving the soil wljen it is insufficiently dry*fflr pulverisation, 
the plough is again the best implement; tine implements are liable to injure the 
texture if used before the soil has begun to dry below theyurfece. In the work of 
pulverisation certain types of .plough are very effective! The plough hfts other 
characteristic ustis, including those of forming the seed channel or seam for broadcast 
sowing, turning oVer clods to kill weejj in ^ire-fallowing, and cutting the tap roots 
of,tall-growing weeds. The? plough, or an adaptajjon^of thu principle of the plough, 
is also necessary for the work ftf forming ridges of soil in the. ridge system of root 
cultivation or for opening water furrows fob the surface draiftage of wintei; corn. 

Forms of Furrow Smce 

Th*e IJNijpoKEN Furrow.— This is typically the work qf the lea plough, or the long 
eoiivex breast.* It is the klhd of furrow* preferred w*hen ploughing lefts, with the 
intention of broadcasting the seed over the seam# 1 , as the seed, falling in the seams, 
can be well covered by harrowing down the crests of the slices. In order that the 
rows of com may not be too wide apart, the plough must be set not wider than eight 
t)r nine inches, at which width the operation is slow. To prevent the seed from falling 
down between the fujtow slices and to assist in killing the turf, etc., by the exclusion 

7 
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of.light, the slices are packed close together. The packing is done by the hinder end 
of the breast, which is adjustable; but to ensure good work, the furrows must be 
perfectly straight; and the share must be set so as to preserve an .even .depth of 



furrow; any waviness due to a too keen, share will cjuse gups to be left for the seed 
to fall through. < < • * 

It is often urged that this form of furrow offels the cofn an unsuitable seed-bed. 



owing to the hollow'space underneath the .plant. If that space is left., the seed-bed * 
is certainly not suitable for corn iu dry districts, as it lycks the connection between the 
soil and the reserves'of moisture in the subsoil, on which the crop is largely dependent 



during the greater part of the sufnmer. When a period of dry'weather arrives, the 1 
hollow furrows dry out and the crop suffers from drought. On heavy wet land the 
hollow under^the furrow is thought by sonte farmers to be an advantage in the case 
of autumn-sown wheat, as it assists drainage ; but even in this case the necessity of 
obliterating the space by rolling before spring is far advanced ^admitted. 



THE WORK OF JHE PLOUGH 

Spring corn frequently does suffer from*being sowjj on.a hollow seed-bM; a con¬ 
siderable proportion of the. Crop failures on pastures broken up taring the s War were 
due in part tq this factor. In some districts the use of the furrow press for consolidat¬ 
ing lea furrowS-is well understood ; in others this implement is unkpown, Where 
the seams are simply hqrrowfd dowA it is not sufficient merely tft harrow until the 
seed is will cqvyed : .the work must h* continued unfil the under space is obljterated, 
and this is not attained until the furrow slice has been well-disintegrated. The actual 
number of turns of tire harrows required varies ; but r leas on medium soils six 
strokes are usually desirable .♦ tji'o leqgthways, two crossways of the ploughing, and 
two diagonally. Rolling along sftid furrows*may have lfes effect than is supposed : 
the sedms close better if the skim coulter has been used : ah3 doubtless, the roller 
has more* effect .when travelling across the ploughing ; bwt it should ki this work'be 
hsed as an aid rather, ^han as a substitute for ttyt harrow. 

The unbrokeh furrory is prt-fcrable to the broker type for laying up heavy land to 
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winter. If the furrow bf pulverised in autumn pr eariy wiptcr, the ensuing rains will 
b*at the soil doitn flat, so that only a small surface is closed tp |he action of ttie 
fi;ost and the air * when spring arrives the flattened soil will lie damp, owing to the 
capillary connection between the soil and the subsoil: and, unless this connection be 
specially broken by cross-ploughing or cultivating, there Vi 11 Be considerable loss of 
moisture fromjhe subsoil Jjefoitt the soil is dry and warm enough to sow. Land that 
has been cleaned in autumn should be laid up for the winter in ridges to expose a 
greater surface than would he exposed* if left to rqn together and form mud. 

• When the soil is laid up in seams, a good pwJpoition of the rain runs down the 
sides of the seafns instead of sat mating tin; surface,layers of Jhe'soiband excluding air; 
a larger surface of the soil is exposed to the elements, the maximum 'bring attained 
with seams the sides of which are equal; and the land is earlier ready for working 
.in spring. The hollow spqpc underneath allows the furrows to dry without robbing 
the subsoil qf its reserves, which is an advantage when jhe land is not bearing a crop, 
but, as already explained, a serious disadvantage when a crop has been s(Avn. In a 
period of very drying weather in spring, however,* it will be necessary to prevent the 
furrows from drying through in solid condition." If they are allowed to dry through 
rapidly under the influence of sun and \Vind they may bake: the tinjply use of the 
•harrows to form a surface mulch will prevent this. 

When winter-ploughing heavy land for spring .corn after a crop of cabbage, swedes, 
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or even mangel, the lea ploughs is preferable to the digger. • Generally the soil is wet 
at the time when this work must be done ; and, although 'the digger would turn intact 
furrows, the action of a concave breast on heavy soil in wet condition may haya very 
bad effects onjts future working. In this ca'se. there being no living vegetation to 
kill, there is'no mfed to press the fufrow slice. 1 /together, hence the shorter breasted 
general purpose plough would bqbetter than one of the full length. t t> 

A special use for the intact furrow occurs when it is intended to make a bare 
fallow. In this series of operations the object, in the case of heavy land (which is 
the only class of soil thfct may require this treatmejity.'is to kill the .weeds by drying 
or “ roasting ” them out. in the clods. Pulverisation is definitely undeSirable'Tn the 
earlier stages of the work, as it prevents the ^requisite drying. The, land is ploughed 
with an implement that turns intact furrows aftd that Vices nht pack them ;< and 
to encourage‘the balfing' process the'ploughing is deferred until-tho winter frosts arc 



over. After the.fyrrow slices have dried sufficiently they are ploughed back, still 
preserving as much as possible the unbroken-form. * 

The Ctested and the Rhombniital forms of furrow are merely different shapes of 
the unbroken form. Thelflrmer is cut with a share having a raised wing : this shape, 
while affording the seed plenty of cover, gives a larger cavity under $ie seam and a 
bottom that hinders the flow of water to the open furrows. The rhomjjoidal is obtained 
with a coulter pointing more than usual 00 land. 

The Broken Furrow’.— This i$-the typical work of tlie digger breast. Although 
the digger frequently ih sqt to plough a wiije furrow, a great width is not essential to 
pulverisation ;• indeed, the fact that a broken furrow may be deep rather than wide 
js one of its advantages.. If the furrow is thoroughly broken, it does not preserve 
the rectangular, shape ; neither does it lie with a ppace upder the right-hand corner. „ 
Where complete pulverisation is intended ; the degree of “ perfection ” pi the*work 
may be judged from the presence or absence of cavities under the ploughed soil. * 
Broken work varies greatly : in the first place, the nature and condition of*the 
soildetermine whether it may with the same breast turn over intact, finely broken, or 
broken into lajge clods ; these three cases referring to heavy land in successive stages 
of dryness. There are different shapes of breast, some breaking the soil down more® 
than others, while one plough may leave the land level and another may produce a 
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. • 

certain degree of crowning and seaming. The’pace of tke team and the position of the 
coulter also h^ve some effect‘‘on the work. The work of a breast that completely 
pulverises the soil and leaves it level is often said to dispense with harrowing before 
drilling. If tjie^oil can be allowed to lie some time and‘settle before drilling, that 
contention is jrue ; but if the land is tlbe drilled forthwith, then so/he way of shaking 
or pressing th* s*il down into a more sAtled state should be adopted; and harrowing, 
especially with tines sloping backwards, has the desired effect. 

The broken furrow is usually^the best form of ploughing when working on root 
fallows in spring. The land ffiusj be pulverised by one.meafts or another ; and, if 
ploughing be Considered necessary, the digger furrow is to*be recommended wherever 
it is desired to conserve moisture. The'more expeditiously tl?e work can be carried 
out a fid tfce •more ev*enly aryl finely*dividcd the soil can bo laid, the less the loss’of 
soil sap. Similarly, when breakipg up root falteiv’s for spring*corp, the rflgger furrow 
save* labour, time, and moisture. If, <yi tlje other*hand, the object of the ploughing 
b? to hasted the drying of the joil, the longer breast turning the less broken furrow 
is better. * 

For covering manure or othej long materia], the broken furrow, with little or no 
seam through which the straw might project* ds superior to the solid rectangular 
furrow. The manure so buried is less likely to be tom up by the coulters of tha.drill 
or the harrows, if the land has to be drilled*before the manure has rotted. 

On light land witff no tendency to lie. wet in spring, the broken furrow may be, 
adopted tor autumn and wipter work as veil as for spring ploughing, both whCn the 
land is to be immediately sown with winter corn and yjerTit is to lie through the 
winter for roots. Wherever the lajid is adapted for digger work, its special advantages 
outweigh the hice £ appearance of i&at seams. If the fftrrow »na/be broken, the plough 
m&y be set either wide or deep without fear of thtt furrow slice nst»going well over. 
Straightness and regularity of work arc* not so necessary for the effective covering 
of weeds, especially if a skim foulter is fitted ; hence less time.need be sj*nt in the 
otherwise important work of setting good ridges ; and the team need not be held back 
at all, if capabh^of a goipl pace. * Digging is a less expensive operation than ploughing 
with a common plough. For Jfche small farmer with light land and only one horse, 
the digger is of special service, as it enrfbles him to.secure the necessary depth of work 
without having to set the width, beyond the capacity'of his power. 

With regarcf to the kind of ploughing for autumn-sown wheat, there are a number 
of factors to consider ; bqt generally the digger may be preferred wherever drilling 
is practised ; and, if drilling must follow shortly a^ter ploughing, the broken furrow, 
•is undoubtedly superior, owing to.the greater aeration possible in that short time. 
On stroifg lsmckthe intact furrow may remain firm aftes sewing, and the cavity under 
the slices may on wet, soils assist drainage ; but on medium and lighter sdils, where 
the intact furrow* will break dorjn *a*lul settle considerably during the winter, this 
class of ploughing is not good. The furrow can, of course, be worked down to a firm 
seed-bed before drilling; but this involves harrowing, which the digger sjyes. Usually 
the actual pulverisation of the intact seam is not done until just before or after 
seeding ; whereas th**work of the digger is equal to ploughing and harrowing at the 
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same time: the latter, therefore, may allowof the soil setting somewhat before sowing, 
the desirability of which was emphasised in the general remarks on’tillage. 

, " Depth of Ploughing 

The depth of furrow depends upon a number of factors, stich as the Class of land, 
the time of the year, the previous crop, the next crop, and the parAcular objects in 
view at the time of the operation. There are four depths .described by common 
farming language as : v skiriftning, 2-4 inches; or^in^ry, 5-7 inches; deep, 8—10 
inches; and trench ploughing deeper than-1(7 inclle's. • These dimehsigns wojjld not 
apply in all districts/ as farmers have diffe^nt’ ideas as to what is meant by deep 
ploughing and ordinary ploughing. Generally % term “deep ” applies to {he jlepth 



adopted when ploughing'tor root crops, while the smaller depth ploughed for corn 
passed as ordinary. In some cases, however, the s&me depth is pjeughed for the 
two classes of crop. This may be of necessity, owing to the shallowness of the soil 
proper; or it may be due to lack of suitable power or equipment for ploughing the better 
depth. It is undesirable to adlfere'to the same depth of work, as this may ultimately 
lead to the formation o'f a.hard pan, which, by preventing the movement of moisture, 
air, and roots in the lower regions of the soil, restricts its productive capacity. 

, Skimming. —Superficial ploughing is applicable when taking wheat after potatoes, 
and, if the soil has been previously levelled down, the seed may be covered at the t ,same ■ 
operation. The soil having-been well aerated - during the cultivation of the previous 
crop, this object of tillage has been satisfied; and deeper movement of the soil would 
necessitate re-firming the seed-bed. Another 66capion for skimmihg occurs wheh it 
is desired to incorporate a light dressing of manure in an already worked seed-bed 
on which thejseed is to be sown broadcast. ' This practice is common in connection 
with the seeding down of grass-land with rape. For such light work as the above, 1 
three-furrow ploughs of light* weight are popular: they are drawn by a pair of horses. 
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Stubble-skimming is visually perforjae^ whh the object of destroying the runners 
of perennial weeds and encpfleag^Jjgfjhe’germination of tfie seeds of annuals. It has 
also a.number of other Useful effects': it admits the early autumn rains, and, by also 
checking evaporation, it helps to soften the soil for further working; it hastens the 
decay of the Stubble anij othejr residues of the pfeceding crop, whi<?h is ah advantage 
when anothercqjn crop is to be sown tlat autumn ; and it exposes the pup® pf insect 
pests. On light land, three-furrow horse ploughs are used for this purpose. Culti¬ 
vators with broad shares and disc harrows are also made use of, where the surface is 
not too dry and hard. For mc*.q Jmficu]t conditions special paritig slpms are applicable. 
It is fOr»the same class of work mat the disc plough may be specially commended. 
The ordinary lea jplough may ’ s 

be used «fo^ stpbble paring, 
however : it may b<^ fitted 
tvith. a paring bifide abqjit 16' 
inches wide and resembling' 
those used «on the ordinary 
paring skim. The blade iff 
made of cast steel and is 
sharpened to a cutting eflge, , 

Ordinary Dmth. — Al¬ 
though theremay be something 
in the dbntention that tap- 
rooted plants require- deepe^ 
tillage than those with fibrous 
roots, it is well known‘that 
fibious roots will penetrate t<^ 



aryl utilise great* depths of Fiu. 7. — Stubble-farinci Plough for Tractor, showing 
•i if i_„: i , i „ j . Ratchet and Pa\A. foh Self-Lift and Deptr-regulat- 
sod, if drained, aerated, and • IS0 WoRM [nippsA - * 

otherwise suitable for their 


activity in the^leeper Igyars. The depth of ploughing is probably more a matter 
of expediency thqji of the preparation of as deep a layer as the crop can utilise. For 
instance, wheat does well after a very»deepfy worked fallow, if the deep ploughing 
has been done in time for the lower layers of»*oif to settle down again to the 
requisite firmnSss; but when there is little chance for,that Settlement before 


sowing, a more superficial .ploughing suits the crop better. This principle of the 


■ settlement of the soil is an important one and mipy be applied in. many instances 
as a guide to the proper depfh of ploughing at different times of the year. 

The ardigary depth probably came*to, have the above-stated dimensions when 
corn was more commonly sown broadcast ever the ploughed seams. For satisfactory 
' work, depth and \fidth of furrow muSt be in the proportions of 7 to 10 or 5 to 7, the 
widths being such as may be desirable spacing.? for the rows of corn. If a width 
of 8 inches be decided upon as the spacing of the corn rows, the deptb*pf ploughing 
te limited to 5 or 6 inches, as square furrows will not lie over. 

As a general rule, (there is no advantage in ploughing ^he land deeper than it will 
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be properly pulverised in tlje subsequent preparation 'of the seed-bed. Thus in 
ploughing “ seed# ” for spring corn, whether for drilling or for broadcasting, the depth 
should not exceed that intended to be workeddown. If a deep furrow be cut and the 
seed-bed be forked only to such depth as ordinary seed harrows rqpch, the seed-bed 
will be more or less like that repretented in fij^. 3, as the conditions tending to crop 
failure. The same remarks apply to the ploughing of leas before whqjJt. • 

'Spring ploughings for. corn crops after roots or corn' are usually performed with 
the digger; and, as the furrow breaks up, the depth is not limited by considerations 
of width. No hard-and-fast rule can be laid.dowifs however; as to the proper depth 
to adopt in this case.. We have sgen Excellent crisis rtf oats on the Dunbir^ed soils, 
where the furrow had been 10 inches in depth, it being the regular practice-on that 
farm to plough deeply fo# oats. On heavier and less aerated soils,_ we should prefer 
an ordinary,depth. K the ploughing was not being done in.time to allow of good 
aeration of the soil brought trt the top, and if the 'tekture of the soil was such as to 
require thorough working of all /he land disturbed,' jt vfould be better to plough 
rather shallow than deep. Moreover, if the crop ,is fo be'geeded down .with clovers, 
it is undesirable to bring much unweathered soil into the region where the young 
clovers are expected to gro\*\ The practice of cutting a very shallow furrow for barley 
aftqr roots sheeped' off is generally attributed to the supposed .advantage of keeping 
the manure in the;top layer : it is probably more properly attributable to the firmer 
, seed-bed. o 

Beep PLOUGHtN<i.---Deep cultivation, where''and when practicable Iris several 
valuable effects: by Ifreaking the hard layer under that ploughed for ordinary pur¬ 
poses, the plant’s roots ar° better able to penetrate and utilise a greater area of soil 
“ pasture ” ; the storage capacity of the soil for moisture ^increased %nd the upward 
movement of tjiq moisturp stored in the subsoil is facilitated ; a deeper layer of,the 
soil is exposed to frost and aeration ; and the runners of deep-rooted weeds are better 
eradicated. Indirectly deep cultivation affords tin farmer a wider range in the 
choice pf crops; an& tlfivlbetter root development of cereals growing on deeply tilled 
land reduces their liability to lodging, provided tke so^l is sufficiently firm during 
their growth. * 

The practicability of deep ploughing is determined by the depth of the soil and 
the interval between ploughing ‘and sowing. It is futile and detrimental to bring 
up raw clay and ofi certain soily overiypig limestone there is a layer of ferruginous 
“ fox earth,’* to mix which with the soil proper is a sure way to injure the soil for 
, many years. As regards temporary bad effects, these are attributable to diluting, 
the soil with, subsoil that has not been previously manured and sweetened. A[t 
experience is in favour of. caution in deepening the “ staple ” and ii^ se^urfng the 
desired Increase of depth gradually. ' • 

The corn crops are generally best provided for by a furroV«of ordinary depth.* 
The opportunity for deeper cultivation occurs when breaking up stubbles in the autumn 
in anticipatjpn of green crops. If the ploughing can be done early in the autumn and 
steam or tractor power is available, a little greater liberty may be taken as regards 
securing additional depth. 1 When cross-ploughing in early spring, the full depth of 
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tlie winter furrow may be turned, and frequently another inch is taken, as it makes 
the plough run better: very deep work at this time of the year ic, however, risky, 
especially if subsequent weather conditions do not favour the tempering of the new 
matter brought«yr. When ploughing specially to cover manure, it is wq)l to remember 
that a shallot covering # (provided that it is noUsuch as to allow the manure to dry 
out) hastensrotting process; wrfcreas, if the manure is placed under » deep 
furrow, the poorer access of “air will retard the decay. 

Deep' ploughing has often been recommended 'as ,way of destroying weeds. 
As regards annual-weed seeds# itsbnly puts them out of'the way for the time : they 
have twhe dealt with when brought to the suffaep again. • As regards the runners of 
creeping thistle, Danish experiments haye proved that a deejt ploughing yi autumn 
is mixre eflfectivq than severiil summer ploughings. Possibly the same is true of all 
fteeds whose runners .winter at depths ordinarily 'beybnd thetreach of alternate frost 



Fm. .V.—Callows Flouoh, wjtis'Self-stekhixc Chain?, fob I)kep Work, [ llnfrard .| 


* . • 

and thaw. Regarding the destruction of “ twitch grass ” by deep ploughing, one has 
seen this very thoroughly effected with the Agrostis or “ bynt., v form. " 

Trench Plocchino. —This may he performed by vefy deep ploughing for the 
purpose of mining the subsoil with the top soil; or the work may be done in two 
operations, one plough cutting a furrow of.ordinary depth and another following in 
the furrow bottom, ploughing a layer of subsoil on to the tqp of the ordinary furrow. 
In countries where the practice is common—where vines are jrown, for instance— 
the work is done by cable haulage. The British faitner needs not to be Warned against 
the dangers of trench ploughing. The result of mistakes made in the early days of 
steam cultivation are too well known : the impression in those days was that the* 
'subsoil was a means of fertilising the top soil. There are cases where trenching is 
adyanta^eofls in this country, but the practice is applicable only to speeiakculture and 
to dry climates. , . 

Subsoiunc.— 'This means stinring the subsoil without bringing it to the surface 
or mixing it with the top soil. Much ha^been written on this subject, and there have 
been many advocates of the practice ; but in this country it has never been widely 
adopted, and the number of cases where it has been markedly successful is not large. 
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Possibly the work has not bee# properly carried out, or has been done at a time when 
the subsoil has been too wet. 



Fig. 10.—Mole Draining “ Plough ” for SteaiS Tackle, [ fowler .] 


top soil and the subsoil; (2) on heaivy soils which'have been tile-drained but which, 
owing to the close texture of the subsoil, do‘not drain freely. 

The benefits to be expected from subsoiling are connected chiefly.with the storage 
and control of moisture in*the subsoil. If the winter rains cay mot penetrate below 



17 


TtfE WORK OF TfiE PLOUGH 

the depth of the ploughing, 'there can be litfle moistur^aetually stored, although the 
top soil may appear to be very wet. Further, if there is no actual percolation of 
moisture through the soil and all the excess has to be evaporated off, there will 
accumulate in thp soil an excess of useless salty matter‘that will injure the crop 
in dry weath&r. Provicjpd the soil i\ drained, fcubsoiling to facilitate percolation, 
and thereby % certain, amount of walhing of salts out of the soil, should have a 
good effect. 

On heavy land the subsoil cannot usefully be stirfed accept when it is sufficiently 
dry : working it when wet prabaBly does more harm th'an good. Incidentally, the 
ploughing of day soils with the heroes out'atfength to avtml trampling the top soil 
probably harms the'subsoil and makes itdess permeable than it’naturally %-ould be. 
An exaeptiioi^ta jhe »ule as to the condition of the subsoiI«may possibly be made in 
r&pect of a form yf sjibsoilmg sometimes dona, viz. ’deep grabbing between ridges 
fffoughed out in afitumn on lam! intended for mangel iK*xt year. 1? the stirred subsoil 
is tio be exposed to the effects # (ff^winter trosfs and *iir, it need not be specially dry at 
the time the.stirring is dqjle. 



CHAPTER Ilf. . 

' »’ . 

TYPES AND VARIETIES OF PLOUGH 

* • 

The plougJi,’the emblem of tillage, is the primary implement of arable fmliflvatipn 
and the product of a slow deyelopnfent extending.o^er thout&ncb^of years. Simple 
in appearance and having few moving parts?its adjustment and manipulation would 
seem to call for little knowledge :*yet its behaviour»^tfpends in a great degree onAhe 
operator’s skill and on the choice and adjustment ftf its parts. The proper adaptation 
and manipulation of the implement! under different conditions afford wide scope for 
both agricultural knowledge and general dexterity. , 

There must be different types of plough to suit different Kinds of work, such as 
the unbroken furrow, the broken furrow,The inverted furrow, and the general purpose 
furrow. For light and heavy work the strength of the implement can be adapted by 
'the maker without alteration of the typb of breast—except that the extreme biases 
of sk mming and trench work do call for special patterns. But if makers would 
standardise their fittings within the limits of the five or six really necessary types, 

•it would be of great advantage to the farmer. Any make of share or breast would 
then fit any othdr make' 6f plough of the same type : more interest would be taken-- 
in the fitting of different shapes end sizes of share to suit the particular work in hand ; 
and, as more ratherthap fewer shares, etc., would be purchased, the makers as a whole 
would benefit from the System. 

TAPES .OF JPLOlIfiH 

The principal parts’ of the plough are the breast (shell board, mould board or ’ 
reest) and the fdiar4 oi; sock. Jn accordance with" the curvature and length of the 
breast and the shape and size of the share, ploughs may be divided into two principal 
classes or types : (1) lea ploughs, (2) diggers. There are other types, but these when 
examined will be seen to be modifications of one or o ( ther of the two main types; 
the general purpose ploughs, for instance, are either short-breasted j,ea ploughs or 
diggers' with less abrupt curvature of the breast than the typical diggfer. 

The Lea Plough. —The lea or common plough has a long breast—up tod feet 
6 inches in length—of gentle curvature and either flat or convex from edge to edge. 

It is made.pf either cast iron or steel. The end of the breast is, in those of full length, 
turned over furrowwards at an angle of about 45 degrees. This end is placed at a 
distance of about 16 or 18 inches from the land side, measured from the upper corner 
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of the breast, but the actual distance may be varied 9y the operator to allow for 
different thicknesses (depths} .of furrow slice. The share has'a narrow wing or feather, 
7 inches qr less, which cuts less than the full width of the furrow bottom; and its 
upper surface is cfcovex. There is a definite neck between the wing and*he junction 



of the share with the breast. "Tlhe share is made in one piece and slips on the nose 
of the frame or on a “ levft neck.”* 

The furrow slice is cut by the coulter and the share, both of which are placed well 
ahead of the breast. The slice therefore offers fiftje resistance to the action of the 
breast, which gently raises tlfV, 'sljce on its side and then pushes it over into position 



* • • • * 

Fig. 12.—Showing C.entle Liftinu Action of Shake and Breast of. Lea Fwjugh, 
ai. so Pitch of Shake. 

without causing disintegration. Cutting the slice some distance ahead .of the breast 
plays a enumerable part in keeping it intact. The amount of lead at the cutting 
parts must be greater where tile speed of tjie implement is faster than usual’,, hence 
tractor ploughs intended to turn unbr&ken furrows should have shares with longer 
necks than horse ploughs. 

One criterion of good work with this type of plough is to leave the furrow slices 
showing equal sides, or the same length and angle of slope on each side of the crest. 
With rectangular furrows this necessitates observing a definite relation between the 
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width and depth of the woiSc, the proportions being approximately as 10 is to 7. 
• • io • 

Thus if the depth'is 6 inches, the width must be — x6==8J inches. • Only when the 

furrows lie at an angle of 45 degrees, for whi<jh the above proportfSn^ are essential, 
can the seajns be even sided ; an<i the end pi the breasty being designed to press 
furrows at that angle, can do so efficiently only when the furrows ane iU those ratios. 
The ploughman therefore alters both width and depth, when varying the pize of his 
work, as in setting a ridge'01’ in finishing a furrow. ( 

The design of the lea plough attained its present? form well over half a century 
ago, and the diffeirepces between one make and another are in points of detail only. 



without? any intervening neck. 

The digger may or may not have a coulter; but, if a coulter is present, it is placed 
relatively near the shin of the breast. Very commonly the shin fctself serves as a 
coulter. In either case the effect is to bring the,furrow slice against the breast 
immediately it is severed from the ground { the breast bends the furrow abruptly 
upon itself and causes more flr fefcs disintegration.. The actual result depends upon 
the condition ofthe soil at the time. If the soil is midway between wet and dry, 
the particles' will Separate and produce fine mould; if heavy soil is very dry, the 
furrow will simply break up into clods ; and if the soil is wet and sticky, the particles' 
will slip overreach other without separating and the furrow will turn intact. „These 
intact furrows will subsequently show that the texture of the soil w%s injuftd by. the 
particle! being made to slip over, each other when in the wet sficky condition: the 
clay particles are by that process given the “'puddled ” arrangement. If therefore 
a clay soil must be ploughed when wet, and unless there is still plenty of time for 
the weathec-to correct the injury to the texture, the lea plough should be used in 
preference to a breast of the digger type. “ 

General Purpose Ploughs. —These are either short and'perhaps deep-breasted 
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lea ploughs, having the lea type of share ana a breast made of either cast iron or mild 
steel; or they are diggers with longer and less abruptly turned breasts than the 



Mo. 14 .—General Purpose Plough, Lea Typf* with Tail Knive£ 
Wqjght 260 lbs. [Jipotfn.] 


regular digger. In the latter.case the shin*has a Jonger slope to enable the plough 
to turn the furrow without bre&kipg it; but the breast is made of chilled cast iron 
or of cast steel; and the share*has the detachable parts and wide wing, as in the case 
of the true digger. This type of plough, the souji-digger, is popular because it will 
plough leas with an unbrokep .furrow, while doing Sufficiently broken work on other 



i''lG. 15.—(iKNEKAL PUHPpSK PLOUGH, DIGGER TYPE OR*“ SEMI-DiOOEH.” 
“ Weight 245 lbs. | Ranmvies .J 


land. The full-breasted general *purpos<? plough is an older and better-known pattern. 
The Scotch swing plough usually has a breast of the Ubnwex ty£e. 

.VARIETIES OF PLOUGH 

1. SwIng Ploughs. —Ploughs without wheels ate cheaper to buy and cost Jess 
in upkSejjtba^ wheeled ploughs. Requirjp^ constant attention during work, however, 
they fatigue the 1 ploughman and result in reduced output, and they can be used only 
by men who possess tffie requisite aptitude and expefience. The special uses for swing 
ploughs are for work on sticky soils where wheels clog up, and for rocky or stumpy 
land which requires constant observation on the part of the ploughman. They are 
%lso useful for cross-ploughing. For training purposes a swing plough is excellent, 
but for ordinary work # the wheeled variety is generally preferable. 
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( ® 

Swing ploughs have longehandles, a short high beam, and a share with less pitch 

than is adopted.!® the wheeled plough. 

2. One-Wije^L Ploughs (fig. 38).—One wheel running immediately under the 

beam ( may be preferable to two for work on 
side-land ground qr on land laid up in high- 
backed lands. Und§r the.se. coriditions the 
ordinary pair 'of wheels cause the plough 
to run at different depths, according to 
whether theland wheel is on the higher or 
the lowfer side of the work. ' The single 

wb3el onl y re g ulates . Oepth. The proper 
, ’ ■ setting of the' wheel is in line with the 

land side. On stick]’ ground a sliding shoe may be usee},.in .place of the wheel. 
Turn-under one-way ploughs a.e often made with only ope whefel. 

3. Gallows Ploughs. —The,gallows pattern is a favourite on the Continent. 
In this country it may be specially recommended for 
deep work; for rocky land; for ploughing down 
manure or other materia} that is, apt to choke under 
the ordinary beam; and for‘work on high-bacljed 
lands. The wheels are not rigidly attached to the 
beam but serve as a fore-carriage, supporting the beam 
on a saddle or collar in which it has a certain amount 
of freedom to turn. The plough body is made, to 
follow the fore-carriage? without trouble id steering 
by 1 the use of the two cha'ns attached to a. cross¬ 
piece on the beam. 

4. One-Way Ploughs. — Ploughs that turn the 
furrow slices all in one direction have the following 
advantages :— 

(а) They save 
the trouble of 
setting ridges. 

(б) They save 
time in turn¬ 
ing and re- 
duce the 
trampling on 
the head¬ 
lands. (c) 

They dispense 
with open 
furrows, which 

either involve labour in levelling over or waste ground and complicate the work 
of the drill and the binder, (d) They are useful for ploughing strips of land, as, 





Fiq. 17.—Balance Plough wits Kent Shares and Breasts, Skife 
adjustable for Pitch of Share. Weight 644 lbs. [ Kansomes .] 
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for instance, a piece of ground cleared of 8ne forage jctop and about to be sown 
with another. When working successive strips of land -for roots, or potatoes or 
when ploughing yard manure under, the one-way implement is- also. handy, (e) 
In open countr»ploughing on hillsides may be facilitated by turning ajl the furrows 
downhill. TKis cannot bj recommended, howeves, on fenced land, since it accelerates 
the downward migration ot the soil t even with up-and-down ploughing the soil 



Flo. 1 8,--,I;'hut-Uhhw*k's Plouuh. Balance Plough with One Body replaced 
by Subsoilino Tine. [Howard .| 

tends to accumulate upon the lower fence and legVe the upper end of the field bare 
of soil. 

The drawbacks to the one-way plough are: (a) it Is necessarily neavier auo of heavier 
. draught than the commolt variety; ( b ) it is more expensive to buy and maintain. 
Retentive land is often necessarily ploughed in stretches or rounded lands for winter 
corn.* \yhere only water furrows are needed, these can be made after ploughing. 
There are several forms «f one-way device :— 

^i.) Balance orJSpjring Ploughs .- n This patterif is easy to operate, and makes the 
smallest headlands. On level land it is probably the best; but it is not suitable for 
work on side-land ground. Each beam may have a handle, a steering lever serving 
«as the second handle ; or reversible handle? may be fitted. This form lends itself 
readily to construction as a multiple plough. 
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(ii.) Turn-over Ploughs.— 4n this pattern the two plough bodies are fixed opposite 

each other on the same beam. On arrival at the end'of the furrow and in the act of 
turning round, the entire plough turns over sideways, a disc or “ rubber ” op the end 



Fig. 1M.—Turn-over Plough. [Atirp.) 


of a stalk projecting from'the beam opposite the middle of the bodies acting as tile 
fulcrum. Little effort is required on the part, of the ploiighman, the team completing 



Fig. 20.— Charruk Brabant Double. Depth, 11 ins.; Weight 000 lbs. ; 3 Horses. [Bajac.] 

the inversion. The wheels and their standards revolve through half a circle to take 
up the wording position with each breast iti turn. 

(iii.) Tum-under Ploughs .—These resemble the preceding variety in the back-ten 
back disposition of the plough bodies, but they differ in tw respects: instead of 
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the entire assembly turning over, the wheels and fore and of the implement remain 
in position while the two plough bodies rotate round the beam to exchange places. 
The direction of rotation is opposite to that of the turn-over variety, as the plough 
is raised out of tivJ ground by leaning pver on the end of the breast, at tjio same time 
releasing the lock lever : ,the new breast then cofnes into position finder the beam. 
This variety of plough itj seen in its most'highly developed form in the French “ Double 
Brabant,” a pattern that is very popular on the Continent on account of its stability 
and the completeness of its provision for adjustments. 

(iv.) Turn-meat Ploughs .—Although the term “ turn-wrest ” is commonly used 
in respect of aH varieties on one-wfiiy plough, it iij here restricted .to the pattern in 
which there is only^one breast and one body, the breast having two*faces, eaclyof which 
may b» usad ip ftmi to lay the furrow* to right or left of the beam as may be required. 



Flu, 21.—Tphn-whkst oh Illusion I’l.m'uil with Sn\c M'hkki.-Fistkmnus. 
Wwijjht 310 lbs. | ( 'oi*he. | 


This is the simplest, lightest, and cheapest form of one-way plough. Having no 
breast projecting in the air, it ha* no tendency to topple over when working oi^ slopes : 
it is often termed the hillside plough. In its simplest form ijbl.aAa knife coulter that 
does not move with the. breast, ami one stilt wheel, which regulates the depth of work. 
A skim coulter that reversed with the breast is now fitted, and by the adoption of snap 
wheel-fastenings a pair of wheefs may be usc*l. The disadvantage of this variety is 
the,fact that the breast cannot make such good wyrkps may be necessary for some 
purposes. 

There are various other styles ot one-way plough. 

5. Sulky Plquuhs. The term “ sulky ” is an Americanism applied to single- 
fprrow riding ploughs. Thiw have three wheels, one on the land and a front- anfl a 
rear-furrow *ijhecl. The latter carries fjie weight of tluj ploughman, reduces the 
friction on the able of the plough, and, being set to take up the side thrust due to the 
action of the soil on*the breast, it reduces the friction on the land side. It is said 
that the draught of a sulky plough*carrying a driver of medium weight is no greater 
than that of a walking plough. Until traitors were introduced the idea of riding on 
the plough did not find favour in this country : two makers offered pole ploughs as 
long ago as 1881, but iljd not succeed in finding a proper market. 





26 


FARM IMPLEMENTS, AND MACHINERY 

• 

The most approved form of sulky plough has a separate frame to which the plough 
body and wheels are attached and a draught pole so linked with the two furrow wheels 
that square cornets may be turned in either direction. The plough body can he lifted 
in and out of work by the operation of a foot lever, and the ’pitch-can be varied by 
raising or lowering the frame on the standard of the rear-furrow wheel.' 

6. Multiple Ploughs. —The use of the three-furrow hqrse-plough fbr stubble- 
skimming and seed-covering has already been mentioned ; ploughing-in the wheat 
is an expedient adopted in Wet seasons when drilling may be impracticable. A 
broadcast sower may be attached to the plough^' These light multiple ploughs are 



Flo. 22.- -Canadian One-way Sulky. \ Manmy - IlarriS . 1 

* • 

not suitable for ordlnafj stubble or lea work; and generally only two furrows are 
ploughed to an ordinary depth with team labour. * , 

The double-f urrow plough for ordinary depths is insufficiently appreciated in many 
parts of the country. For second pkwghings on most soils and for first ploughings 
on the lighter classes of land, £h trouble furrow could be ploughed with three horses ; 
and the econpmy effected would soon repay the cost of the implement. Its advantages 
are : (1) Saving of labour, one man and three horses doing as much work as two men 
and four horses with single-furrow ploughs ; (2) saving of power, the draught being 
less than that of two single ploughs ; (3) tramping of t the headlands is reduced hy 
half ; (4) the implement,can readily be adapted for use as a subsoilpf; ,(5j one of 
the breasts is detachable. ‘ 

The drawbacks to the double-furrow plough arc : (1) The t'hiid horse may not be 
available without splitting another team; (2) 'the ridges and furrows are better 
dealt with by the single-furrow plough : one-way ploughs avoid this difficulty ; (3) 
inconvenient to operate: this is a matter of design ; self-lift and riding attachments 
can be fitted ; (4) inapplicable for working with horses out At length in the furrow ; 
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(5) for ordinary ploughing on heavy land and for deep work on medium soils, one 
furrow is sufficient tax on the power of the team. 

7. Jhsc Ploughs.- —As long ago as 1870 Messrs Corbett of Shrewsbury introduced 
a plough in which the functions q f the mould board 
were performed by a di*c, and an improved pattern of 
the same* plough is, still made. It is in America, 
however, that most attention has been devoted to the 
development of this type of plough. It appears t'o be 
of special value for work in»dfj| countries, where the 
stubble becomes so hard that othtr types of plough will' 
not work; while, if also serves to plough sticky land, 
where* tha breast of sin ordinary ptough will not scour. 

It is not recommended for use <jn stony soils ) but it is 
particularly usefifl on tu/fy or weedy land. . * • " 

•Disc ploughs are made qn.the ricfing principle and 
may take one or more furrows.# The discs vary in size 
from 20 to 30 inches in diam'eter, the 24-inch size being 
the standard. The disc is set with a fixed turn*toward* 
the furrow, and the side prfSjsure is resisted by the two 
furrow wheels. The disc does’ not pulverise the whole 
width of the furrow, «, portion in the bottom not being 
moned. For this reason it would appear to be more 
suitable for skimming than Jor deep work. Doubtless* 
disc ploughs would be applicable .in*Britain for the duty, 
of stubble-skimming behfhd a tractor. • » 

,8. Universal Ploughs,— This term is used* with, 
reference to ploughs that are designed to admit of the 
exchange of parts, so that th# implement may be used 
not only as a plough proper but also for such purposes 
as hoeing, earthing-up potatoes? and potato-raising. The 
small holder can effect a desirable economy by the adop¬ 
tion of a plough of this kind inste&d of* buying the 
separate implements. Several firms make universal 
ploughs. 

9. Ridge Ploughs. —Double-breast or ridge ploughs 
are used chiefly in potato and root cultivation. . They 
are used for earthing-up potatoes, and for drawing out 

the ridges ^hen manure is applied in tfca,t way. In IJorth Country practice, roots 
being grown on the ridge, thS ridge plough is commonly but not invariably* used for 
drawing out the dtifl ridges. Sometifnes wheels are fitted, but a man who can draw 
out straight ridges will often prefer to dispense'with wheels. A marker is a useful 
accessory ; but this also can be done wifhout, if the land is first marked out with a 
scrawler.” 

There are two patterns of ridge plough, the concave and the full-breasted. The 



Fin. 23.— Plan or Double- 

*’UHBOW.PLOUGH, SHOW¬ 
ING Adjustments for 
Width and Pitch. 
| Robert*. j 
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Fig. 20.— Triple Riduer with Steerage. [ATciofoon.] 
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latter is preferred in the potato-growing districts of Lancashire and Cheshire. It 
gathers the soil up rather better than the commoner pattern, making a higher and 
narrower bodie4 ridge. _ The share of this pattern has turned-up wings. 

A 9-tine cultivator mav be used for drawing out ridges and also for earthing up 



Km. 27.— Horse.'Flouuh kitted with Kubsoiuno Tine. [Ramometi.] 


after drill grubbing. Owing to the diliiculty <$. preventing the travelling wheels 
from running on the matfure and setts, however, tfie cultivator cannot be used for 
splitting back to cover up setts. • For this purpose special three-row ridgers without 
side wheels are coming jnto favour in potato districts. In some patterns the ridging 



Fio.«28.— Ibaotor Diuubu, Peerage Tvpe. bitted with .Subsoiuno Tine. IRansomea.] 

bodies are preceded by concave rollers, which keep.the breasts in the middlSof the 
ridges to be split. * Messrs Nicholson's ridger, which received the R.A.S.E. silver 
medal at Cambridge in 1922, has special steerage instead of rollers, and the adjustment 
of the depth is made by means of a crank-handled screw which tilts the bodies. 
Combined ridging and fertiliser distributing machines a^e used in Scotland. 

10. Subsoil Ploughs. —There are three ways of subsoiling : (a) With a special 
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Subsoil Plough .—This is a separate implement for working in the bottom of the furrow 
opened by an ordinary plough. An ordinary plough'minus the breast is sometimes 
used for this purpose ; but whether the ordinary or the special plough be .used, the 
implement is difficult to operate. ' < •'* 

(b) Subsoil Share behind Plough'— This method has?beendong knowiyn connection 
with cable ploughing. With horse ploughing the additional draught occasioned by 
the subsoiler limits the depth of operation, and, as in the previous case, the furrow 
horse has to walk on the moved subsoil, to its own inconvenience and the consolidation 
of the work donq. , t* * 

For effective subSoiling mechanical power is required and special Implements for 



the work are now available, which consist of a single-furrow tractor plough capable of 
ploughing as deep as 10 inches (15 inches) with a strong tine on a bracket behind the 
breast for working the furrow bottom to a depth of 6 iuqhes. Tlyi draught is full 
work for an engine of 20 to 25 h.p. in a tractor weighing about two tons. 

(c) Adapted Double-Furrow Plfliigh. -Theleading breast is replaced by a subsoiling 
tine, which in the tractor plotfghs is connected with and lifted by the self-lift 
mechanism. • The Darby subsoiling conversion let is designed to fit any standard 
make of double-furrow plough. 

a 

MATERIALS USED IN CONSTRUCTION’ OF PLOUGHS . 

• • 

Breasts. —The convex breast of the lea and general purpose plough is made of 
either cast iron or mild steel. The former is a few shillings cheftp^r, but being brittle 
has to be made heavier than is necessary when using steel. It is harder than mild 
steel, and therefore preferable to the latter for work on sharp, gritty, wearing soils. 
Mild steel is better for sticky soils, as it takes on a fine polish which enables % 
plough to “ scour ” or kedp itself clean. 
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The concave breast is necessarily made of very hard, finely polished material, 
otherwise the soil unless very light and free will stick in the hollow of the breast. 
Ordinary cast ir.on is unsuitable owing to its coarse grain, which gives it poor scouring 
properties. Chilted cast iron or “ steel .chilled ” is the material most commonly used. 
It is very harc^and capable of talking on a very fine polish, which not only enables the 
breast to keep itself clean, but also reduces the draught of the plough. It also resists 
oxidation better than steel and quickly wears itself free of rust, which unfortunately 
plough breasts are too often allowed to acquire when not in use. These desirable 
properties would improve lea brta8& ; but unfortunately technical difficulties in the 
process of casting prevent its adoption. The surface is chilled by using casting 
moulds, one side of which is made of metal instead of sand. The chilled surface of 
the castingaxnjtrticts more than the side against the sand ; hetice it is possible to make 
only concave breasts by this propels. Even concave breasts' oft?n warp in fhe process 



Flu. 30 .—WouDjBkam Pr.ounn. Weight 280 lbs.. [ Ctoke.. ] 


and have to be rejected, which adds to the cost of manhfacture and limits the design 
,of the part. 

Cast steel is usfld to some extent in the construction of digger breasts. It is 
harder than ordinary steel, but* not so hard as chilled cast iron; it is, however, 
tougher and therefore more suitable for work on stony soil*. Soft-centre steel is a 
Transatlantic speciality, ipade bv welding a surface layer of hard or “ high carbon ” 
steel on a backing of mild steely The surface layer is tempered to a high degree of 
hardness which enables it to take on and preserve affine polish, while the backing of 
tough steel provides the requisite strength. 

Sharks. —Let? shares are usually fnade oh cast iron, chilled i>n the Under side. The 
object of this is to give the under side greater wearing properties than the tipper, and 
thus make the share self-sharpening. Ordinary or inefficiently chilled shares soon 
wear away underneath the p<»int and similarly under the edge of the wing, interfering 
with the runhing of the plough. Digger shares are likewise-made of cast iron. 

Steel shares are not commonly fitted on British ploughs, though they are popular 
on the Continent arid, in the form of s<?ft-centre steel, widely used in America. Steel 
is less brittle and therefore more durable in stony soils than cast iron and admits 
of resetting. Wrought-iron shares are stilfused in some hill districts, where too many 
castings are broken by impact with rocks and stones. Steel wings are adopted with 
bar-point ploughs. 
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Bodies. —The cast-iron body is necessarily heavier than one made of steel or 
wrought iron, and it is unsuitable for work on rocky land. For ordinary purposes, 
however, the frame is made of cast iron. , . . 

Beams.— Wrought iron is the standard .material for plough •beams. Usually 
the beam 'continues behind the part where the framens bolted to it as the left handle 
or stilt. Mild steel is sometimes used instead of iron, being stronger and* allowing of 
reduction of weight. Channel steel is seen on American ploughs, the beam being 
bent down to serve as the standard to which the plough body is bolted. Wood 
oak or ash—is ijlso used to a considerable extei/i? and although the use of wood for 
the beam and handles allows of the reduction of*weight by 20 to 304bs. and enables 
the farmer to have" these parts made locally, iron or steel is mo^e durable.' Wood- 
beam ploughs are the cheaper to buy. 



CHAPTER IV 

.•SETTING AND OPERATING-THE'PLOUGH 

• . 

When & wlleek plough 'is correctly adjusted it requiresJittle* guidance by the hales, 
and it cuts a clean^ surface both 0*1 the laud sidfe and at the furrow bottom. The 
cheek ot land side follows Hie direct line o{ motion, neither bearing against nor heeling 
away from tlfe wall of the unpleqghed land ; and th‘e heel of the slade runs smoothly 
on the furrow* bottom. If*the % plo8gh is turning an unbroken furrow, the crest of 
the furrow should be straight, i.e. there should bg no waviness such as is associated 
with periodic variations yi depth of work. Th6 *wheels should not appear to be 
supporting a considerable weight nor the furrow wheel bear keenly against the wall. 
Any departure from the above behaviour indicates a faulty fitting or adjustment; 
under such conditions the draught* is greater than it ought to be, the plough is 
difficult to hold, and the work.done is not the best of which the plough is capabid! 



9 • 

T^he Share.— Jhe setting of the t share is probably* the mosjt important of all. 
The share must not be set in a straight line with the'land skit? or witli the slade, but 
in such a position that if a straight-edge be laid across its junction with either of these 
parts a space about | or J of an inch will be visible. • 

The«sharq must point slightly to land, otherwise the plough will tend to run 
furrow-wards.* In this case th§ operator will endeavour»to‘correct the tendency by 
moving the clevis towards the right, ayd he may succeed in preserving the desired 
width of work ; but the plough heel will swing ajvay from the wall. The draught 
will be heavy, as the abruptness of the breast is increased ; and the furrows will be 
pushed further sideways than the normal. The necessary adjustment is usually 
made by packing a little hay or paper in the box of the share. In time the point of 
the share may become worn away, when a new share is needed. More bite is 

33 3 
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obviously required on hard land than on soft, and this adjustment should be made in 
relation to a similar adjustment of the coulter. 

The share must have sufficient “ pitch ” or downward inclination to -ensure its 
penetration and to keep it at the jiesired depth of working. If the share is so worn 
or wrongly set that the plough tends to lift out, fhe operator tries: tq secure the 
desired depth by raising the draught chain another no.tch Or two at the hake, which 
applies more downward pressure on the share point. The required depth may be 
attained, but the heel o! the plough rises up off the furrow bottom and the plough 
“ rides on her -nose.” In hard soih, where considerable pitch is needed, inferior 
shares soon wear ",bull-nosed ” ; 'and even castings that are chilled, so that*the upper 
surface hhould wear faster than the lower, develop this defect.- If the share point be 
set too keetl, it will give the, furrows that wavy appearance which frequently sppils 



the wdrk at ploughing-matches: the point repeatedly digs into the bottom of the 
furrow and is lifted out-by the wheels. This error in adjustment causes rapid wear 
of both the share point and the heel of the slade. 

The proper amount of pitch depends upon a number of considerations, such as 
the hardness of the ground, and can Only be ascertained by actually beginning to 
plough with the particular ihipfement in the land to be ploughed. It may be fnen- 
tioned, however, that the line of draught has a considerable effect. The more nearly 
horizontal the line along which the tractive force is applied, the greater the weight 
thrown upon the point of the share and the less the pitch required to secure penetra¬ 
tion : thus long traces, a high beam, or a horizontal- draught, as in many tractor 
ploughs, all reduce the degree of inclination needed at the point of the share. On 
the other hand deep work demands a keener pitch. 

In the majority of ploughs the set of the share is not adjustable to allow for wear 
and for the varying conditions of work, excepting by the crude method of packing 
as above mentioned. The chilling of the under surface helps to preserve the original 
pitch, and shares worn so as to be unsuitable for hard soils may be used for a further 
period under softer conditions. Steel shares would admit of resetting, but this 
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would require skill in tempering, and probably the time and trouble involved would 
exceed the value of a new cast share. There are, however, a number of devices in 
addition to the use of chilled cast iroq which enable the operator to alter or restore 
the pitch of the share , 

(1) Reversible Points .—This device is most frequently used on diggers. The 
point slips into a socket in the body of the share, or it may slip over a corresponding 
projection,' but in either case it may be taken off and turned over when the tip has 
become worn. The wear that *iak]ps it necessary to reverse the tip sharpens it for 
work whan reversed. 

(2) Lever Neck .—Ordinarily the share is fixed on the nose of tlfe frame; ^number 
of makers, however, offer ploughs in which the end of a lever fits into the box of the 
shftre, and by raising or lowering ( the opposite end of this lever the share may be 



‘given more or less pitch, as nifty be required. The lever is pivoted rfear the end on 
which the share fits, and the otfi ,i r end is held and*regulated by means of a bolt. 

Messrs Hornsby offer a spherical lever neck whereby the«share may be adjusted 
for land as well as for pitch. 

(3) Bar Point. -The ifee* of the bar point has usually been considered only as a 
means of saving the cost and Inconvenience; of breaking the ordinary cast share 
when working on rocky or stony land. It is associated with«the steel wing, because 
it is the wing as often as the point of.the casting that is broken by impact with stones. 
Messrs Sellar & Son have, however, adopted the movable feoint as their standard 
fitting on ploughs of all types. The bar takes the place of the point of an ordinary 
share, and it is set at such an angle that pushing it forward gives the share more bite. 
When vhe point has worn off its keenness, the bar is turned upside down and pushed 
forward a little. . 

The wing or feather of the share is $e hbrizontaHcnife that severs the furrow slice 
from the subsoil. From the point of view of easy draught alone, the wing should be 
wide enough to cut the full width of the work. The width of the wing has, however, 
an influence on the class of work performed : if the share severs the furrow com¬ 
pletely across, the slice will be pushed bodily sideways rather than inverted, and the 
work will be left “ reared this was the defect of the American ploughs sent with 


86 FARM IMPLEMENTS AND MACHINERY 

the first group of tractors used in the Food Production campaign. A wide share 
assists the action of the digger breast in breaking up the furrow on free land .that is 
not turf bound, but it unfits the plough for inverting the furrow. ,« 

The wing of the lea share is usually about 2 inches narrower than the width of the 
ploughing. The uncut portion of the furrow prevents’the sideways movement of 
the bottom of the slice, while the left side of the slice pivbts round on the uncut corner 
and is pushed over into the proper position. 

As the wing has a cutting function, it is obvioqpffbot unless it is sharp’ it will cause 
heavy draught. Moreover, the tutn of the edge of the wing may affect the running of 
the plough in the same way as the pitch of the share. 

Different shapes of share are made for different soils and purposes,. At share 
with a long point has«a correspondingly long cutting edge, and severs the furrow By 
a sliding cut rather than by a fchiselling ijction ; such a share' s usually recommend**! 



Flo. 34. —Genehal Puipose Plough, with BaS Point and Steel Wing. [ Cellar . ] 


• ... 

for hard soils and should,unde* ordinary conditions .give a lighter draught th^p a 

short bluff share, assuming the pitch is correct. • t 

Thi« Coulter. —The knife coulter severs the fur*ow on the land side, and, as its 
function is that of a knife, the sharper its edge and the thinner its blade, the easier 
it will pass through the soil, provided that the edge afid bljde are set to travel directly 
forward. A certain thickness of the blade is, however,' necessary to afford the 
requisite strength; and, in order that the Wade may retain its sharpness, one side 
must be chilled. It is the lai^l sule that must be hardened, as it is this side that Jias 
to resist the greater •wear. An unchilled,or inferior coulter wears faster on the land 
side than on the furrow side, and the edge becomes turned away from its original 
position, causing the plough to. run away from its work. The flat side should be, 
parallel with the land side of the plough. „ 

The coulter should be. set to cut slightly wider than the shin of tjee plofigh, in 
order tkat the shin may not rub against and tear the wall; which would increase 
draught, make untidy work, anti wear away that part of thfe implement. When 
the plough is out of the ground, the point *of the coulter must be further 
landwards than the top; this is to allow for the bending that takes place 
owing to the greater pressure on the land side than on the furrow side wheg 
in work. 1 , 

As regards the. $epth of setting, any part of the depth of the furrow that is not 
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cut by the coulter must be either broken aw%y or cut by the shin of the plough, which 
may not be adapted for cutting. Theoretically the coulter should cut the full depth 
of the furrow. On hard and heavy soils the functions of the coulter are more im¬ 
portant than on free .soils, and the depth of setting should be accordingly deeper. 
Likewise a deejfer setting is desirable Where the object is to turn intact furrows 
than where i^is intended*to pulverise the soil. 

The coulter works in conjunction with the point of the share. If the share point 
is ahead .of the coulter, it has to heave up solid earth instead of a detached block ; 
this will not; only increase the draught, but also tend to brisk the furrow. In digger 
work, where the object 
is to brbak tile furrow, 
a back setting of .the 
coultdt is "desirable : 'in¬ 
deed the functions of 
tlie knife are often per* 
fo?med by" a specially 
prepared shin. If, on 
the other hand, the 
knife be set too fai; 
forward, the plough 
may be less inclined to 
take its proper depth, 
esp&ially on hard land : 
but this will depend 
upon the inclination as 
well as upon tlfe position 

of the coulter. Fig*.*35.—.Showing Angle of Coulter: l£h foiI Lka and Clean 

• It is a familiar fact Stubbles ; $ 5 ° FOR Hard Soil. 

that harrow teeth with 

a forward bend will penetrate better than straight teeth, while a backward inclina¬ 
tion causes th® teeth *run shallow. Similarly the slope of the knife coulter 
affects the tendency of the plough to penetrate. On hard soils the coulter may be 
sloped at an angle of 35 degrees from the vertical, whereas on soft land it may be 
plftced nearly vertical. * * 

The slope of’the coulter has also an effect on its tendenoy to cl«ar itself of weeds 
and other trash. If the (joulter is sloped well forward the weeds will slide up and 
slip off, whereas if it is vertical they are simply dragged along until they accumulate 
sufficiently to block the plough. Hence in ploughing land containing anything that 
may be so collected, the coulter should be given a slope of 30 to 40 degrees. When 
ploughing leas for qprn, the land is usually sufficiently firm for the coultbr to cut 
through and not gather rubbish | fience the need for much slope does not arise; 
further, the vertical setting has less tendency to lift the turf. For lea work, therefore, 
a slope of about 15 degrees is ample. The normal position for the point of the coulter 
•is immediately over the point of the share, with a clearance of about } inch to allow 
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small stones to pads without becoming hedged fast. Sometimes, however, the point 
of the coulter is dropped below that of the share to protect the latter from being 
broken by impact, with stones or hidden rocks, or to avoid jamming .the plough into 
a tree root, when ploughing along “ timbered ” hedgerow.s. When the eoulter 
point is dropped for such reasons, the coulter itself is sloped backwards, so that on 
striking the obstacle the plough is lifted upwards. * . * c 

The knife coulter may be made in two parts, the blade being bolted on to the 
stem; it is then renewable at less expense than when a complete new coulter must 
be bought. Round steihs and flat stems have different fastenings.. For fancy 
match-ploughing., where high cut work may be Jfavbured, a special “ dog-legged ” 
stem, which allows pi lateral adjustment, is sometimes used. There'is considerable 
variety ifl types of coulter; but it will suffice to mention the fin type or coulter share: 
as made in this country the share has a short knife coulter cast on its left tide'. The 
'• * 1 advantage of this over the ordinary hanging coulter 

\ • "is that* it cannot so readily gather rubbish, and 

M j\ b'lock the plough. • Rs chief use is for' ploughing- 

I I \ in manure. • , * 

|| |i\ .The Disc Coulter. —The disc or rolling coulter 

> oj!l| |\ * is* required for cutting through long or tough 

^|i||||Mfl |i\ material, such as turf or long manure. It performs 

its work "best when set only just deeply enough to 
\ cu * through thet tough matter. If it be set so 

•* 1 “ ~ 3 deeply that the cut must be made by the front 

I^ocomN^rSjBrYcS.} instead of the undet part of the disc, the work 
, " will be unsatisfactory. For the same reason a 

Jarge dice makes a better cut than a small one. 

Owing to its thinner section,' the disc coulter 'usually gives a lighter draught tfiian. 
the knife form, assuming equal depth of working. It may be regarded in one respect 
as a coulter with a backward inclination, or as a wfieel rising over an obstacle: by 
either analogy it may be seen that this form of coulter has some tendency to lift 
the plough out of the ground. Its use on hard soils therefore demands a keener pitch 
of share than is necessary with the knife. , 

A large disc fixed to a rigid stalk makes the plough difficult to guide, and if stones 
be encountered there is danger- ofhither twisting the stalk or breaking the disc. The 
swivel standard i's strongly to be recommended. ' Where the disc is used as an addi¬ 
tion to the knife, it precedes the latter and should be set so that the two cut in the 
same line. Where only the disc is used, it should be set with its axle immediately 1- 
over the point of the share, when viewed from the side, and cutting about to j 
inch to the landward side of the shin. The’actual position of the coulter with regard 
to the width of cut is variable according to conditions: it may, for instance, be 
desirable to set it further to land than usual to cause the breast to scour better. 


The Skim Coulter. —This attachment is used for three purposes:— (1) When 
ploughing leas, the grass is apt to project between the furrow slices; it not only 
grows and behaves as a weed in the ensuing corn crop, but by feeding the roots of thfc 
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burled grasses it prevents their decay.- The skim coulter is set to fare off the edge 
of the slice, with the herbage that would protrude, and turn it into the bottom of 
the furrow. Similarly, when for any reason stubbles must be ploughed before weedy 
growth haS beeit destroyed, the use of the skim coulter ensures the better exclusion 



Skim Coulter. 

of lig^t from the buried weeds, and reduces the chances^ of 'Jheir growing again. 
(2) When ploughing with a vieta to drilling, the cutting away of the corner of the 
slices of heavy soil allows,t he sliedfc to settle flatter tyid go down level under file 
influence of the subsequent workings. (3) When ploughing-down yard manure, 



Kig. 38.— Double ^lough with Stilt Wheel. | Wallace, Glasgow.] 


green manure,'or the remains qf green crops?, the skim helps to place these materials 
out of the way of the drill and where they will decay«aore quickly. 

The skims most* commonly used are miniature ploughs attached to a coulter 
stem; and they are fixed to the beams pf ploughs in front of the knife coulter. 
When, as in match-ploughing, both a disc and a knife coulter are used, the skim is 
plhced between the two, and is set to work very shallow. The skims used on diggers 
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are larger than those used on lea ploughs. In many cases the skim serves also 4s a 
coulter,- being pointed and sharpened for that purpose. 

A special form of skim coulter is sometimes adopted where it is desired to detach 
and pare off the entire upper surface of the soil and turn it under "the fnrr'ow slice 
proper. This operation is otherwise performed by double ploughing, the first plough 
skimming off about 2 to 3 inches, and turning this rnto tile open funow. the second 
following in the same track and turning another slice about an ordinary depth on 
top of the first. This method of ploughing is commonly associated with potato¬ 
growing after leas or old pasture, but it may also be adopted for burying a 

twftchy stubble. By using a small 
plough unit in place of a skim coulter, 
double ploughing rtiay be effected in 
one operation, though ill breaking.up 
tough 'old turf a,disc coulter is. a 
• necessary addition. «• r 

MMure Covering. — The skim 
coulter .alone is not very satisfactory 
for 'the work of turning long manure 
into the furrow. The ploughman 
should CUrry a suitable fork with 
which' to remove any manure that 
may gather on the skim as it goes 
along. The drag chain is a useful 
a/lditioii for turning down any straw 
or t>reen material that would project 
between the furrow slices. The com¬ 
bined (the coulter and skim is a ^reat 
help upder these circumstances, and the 
combination is becoming very popular. 
It is specially to be recommended for 
the one-man tractor ploughing outfit, as it considerably relieves the operator of 
watching for possible blocking. 

Another device for .burying jtianure consists of a small rotary or “ spider ” harrow 
fixed to work on the land side of the plough,and sweep the manure off the next 
furrow width into the* newly opened furrow, but under the feet of the ploughman : 
it is not popular with the latter. 

The Wheels. —The adjustment of the wheels of the ordinary two-wheeled 
plough is simple. The large or “ furrow ” wheel should be set level vyith the point 
of the share, or on soft land a little lower. It should not be altered with change of 
depth of working. The width of the fufrow t is determined by {.he distance between 
the inside of the rim of this wheel and the track of the coulter. The furrow wheel 
should run straight ahead or bear very slightly towards the land to hold the plough 
to its work. A worn axle or twisted stalk may give trouble in this respect. 

The small or “ land 1 ” wheel should be drawn up to the depth required to be 





Fig. 39.—Oliver’s combined DisC and Skim 
‘ Coulters. [ Wallace , Glasgow .} 
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ploughed. Its position laterally has no effect on the width of the work, and in some 
cases no means of lateral adjustment is provided, the stem being attached directly 
to the beam. It is desirable,, however, to be able to move the land wheel outwards 
to give the plough steady running and to move it back elos6 to the beam when neces- 
sary—as, for instance, on sloping gmin'd, or when finishing a furrow. At the last 
round it is nacessary to tern the land wheel round to run under the beam.' On sticky 
land and when ploughing across firm furrows the land wheel may with advantage 
be dispensed with : in the former case a slide foot may be substituted. 

When the wheels are correctly adjusted the plough is properly balanced 
between them. If they cnt too' deeply into, the soil this may be taken to indi¬ 
cate eitRer thftt the share has too much pitch or that the draught hook is placed 

too high. • • ’ 

Tj?k Head.— The plough head shbuld allow of both vertical and lateral adjustment 

of the point of draught. These are various fortns of regulators, which mj»d not here 
be described. It may be mentioned, however, tha't- there is room for improvement 
jn*the regulation device in the case of ploughs fitted with a draught chain. In this 
case the vertical adjustment\*nrndfe by sliding a stem through a ring, on the lower 
end of which the “ chain ” passes, and retaining it in position by means of a set 
screw. It is the use of get screws to which objection may be taken. 

The lateral adjustment enables the operation to make the plough follow directly 
ahead with the team in different positions and with the implement set at different 
depths The correct*place for thf draught can be found only while at work. The, 
vertical adjustment should Ije used as one of the four factors in the regulation of the 
depth of working; the othe* three are the slope (and iudmfctly the length) of the 
traces, the pitch of the share, and the height of the land wheel. A plough with a 
short high beta require* more jtttention in this adjustment than does one with a 
long low beam. Lengthening the traces or the drahght ohain has the same effect as 
raising the chain in the hake. Deep work requires fcotli adjustments ; and a long low 
beam requires longer traces or (fraught chain than a high beam. These considerations 
revert to the question of the pitch of the share. The practical rules are to keep the 
share set to penetrate ta&e required depth without digging into the furrow bottom, 
to have the traces and draught.chain of such a. length that the horses can work com¬ 
fortably, and to adjust the hake so that there is jjist light pressure but no more on 

the plough wheel's. * ,. , , ■ . 

Setting out the Field, -The methbd of laying out. the ploughing varies m 
different districts. Roundabout ploughing is seen in some of the eastern counties : 
one year the work begins at the outside and finishes in the middle; next time 
the (tfder is reversed. T» avoid treading the ploughed land in the first case the 
corners may be left and afterwards ploughed diagonaljy.- Starting in the middle is 

more difficult. , . j , , , 

On some soils it is considered decessary to preserve the ancient round-backed 
form of the lands, the “ feerings ” being set on the crowns of the lands for winter 
corn and in the furrows for spring corn. These beds are frequency S-shaped. 

Where one-way ploughs are used, all that is necessary is to mark off a headland 
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of about 5 or 6 yards on each of the two^>r three sides on which the plough and team 
have to turn. 

In ploughing on the most common plan—making lands of 22 yards (more or less 
according to soil and climate)—the first operation is that of marking outihe headlands: 
a Very shallow furrow is turned towards the'fence at a distance away of 5 or 6 yards. 



Fio. 40 .—Rowing Method of Ploughing in 22-yards Lands. 

i • 

Sometimes the mark’is cut on all four sides of the field, the outside being finished 
by round-about ploughing. 

If the position of the feeringa is not determined by that of the old open furrows, * 
these should be next set out. If they are not made parallel there will be loss of. time 
in ploughing out triangular pieces when finishing the open furrows. To avoid frequent 
alterations of the plough setting, the ridges or feerings for the whole field may be set 
out and even a couple of furrows ploughed round each before proceeding to complete 
the first land. 

The method of setting out and working two lands is represented in fig. 40. The 
first feering is “ struck ” ajt a distance of a quarter land from the hedge or the side-' 
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land mark, as the case may be. The directiop of turning on the headlands is shown 
by arrows, viz. “ gee-again ” in gathering and “ come-again ” in casting. 

Setting the .Ridges. —In ploughing stubbles with a digger, the “ feerings 
or “ cops being set or “ struck ” in the old open furrows, a small furrow is first 
turned into the bottom of the old trench. Turning gee-again, another shallow slice 
is ploughed .from the otheh side of the old furrow and laid partially overlapping the 
first. The second “ round ” or “ bout ” may then be ploughed at the proper depth. 
When ploughing leas with a lea plough and setting the feering in an old open 
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I 4 . 1 $tqge. Chipping Marks. 



t 

2lFSlage. Ridge Furrows. 



3^ Stage. £econd pair of See'd-furrows. 

Fig. 4J.—Simple Ridge Setting. 


furrow, the operation is not so easy. In match work, if marks are permitted, flipping 
furrows are made on each side of the trench ; their distance apart is typically 23 
inches in a furrow of medium width, and 24 inches in a*deep trench. The first seed 
furrows are then ploughed 7 inches wide and about 5 inches deep to meet each other 
with a seam between them, in the middle of the old furrow. The next round is 


Ploughed at 8 to 9 inches width. . . „ 

When setting a “ simple ’’cidge on the level in leas, the marks are chipped typically 
22 inches apart, but varying a little according to the plough used. The first pair of 
seed furrows are 6 inches wide and 4| inches deep; these are nearly triangular in 
shape, the plough lining over to the left hand in cutting them. The second pair 
are 7 inchesx5 inches, the third 7fc inches x5£ inches, and the fourth the width and 


depth intended to continue. 

A ridge on weedy stubbles should be set in an 


open fupow previously ploughed 
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out, the slices being broken up and %own back with a fork. The same method is 
sometimes adopted in leas, the objection to the simple ridge being the fact that the 
land is not moved under the first pair of furrows. There are other local methods of 

ridge setting. • * ' . , 

In manuring land before ploughing, the-line of the feermgs should be missed, 

as it receives its dressing when the ridge furrows are turned together. • t 

Finishing Furrows.— The width and depth of_ work are gradually reduced 
during the last four rounds, the object being to make a narrow and shallow finish 

_which the binder can* cross with the least likelihood of the knifQ striking the 

ground. A final scouring furrow is, ploughed ouf of the bottom of the open furrow 
in some cases to assist 'drainage 

Draught of the Plough.— The principal factor affecting the force necessary to 
pull the plough is the nature and condition *of the soil at the tim» of peffornaing 
the work! Light lahd in firm condition may require the same force as heavy land 
that has already been moved/ The dryness of the soil is, however, an important 
consideration on all soils. Cla/land when hard baked is practically ffnploughable. 
A certain dampness eases the path of the pldugh. , * 

The following is a classification of the power needed to plough land of different 
kinds and conditions as recommended for valuation purposes. The table has been 
compiled from information contained in Cragg and Marchant’s Hints to Young 
Valuers :— 


Condition of Soil of Order 
of Work. ■ 

( i 

Class of 
Land. 

« 

Horses in 
Teafn. 

i 

_ 

Aares per 
Day. 

« 

€ 

Labour. 

■ 

C f 

1st Roughing (leas) . -f 

• 

2nd ploughing (stubble) . -j" 

3rd ploughing^root fallow) -j 
1 

Clays. 

“Loam. 

Light. 

Clays. 

Loam. 

. Light. 
•'Clays. 
Loam. 

c 

. Light. 

r 

3-4 

3 

2 

2-3 

2 

•3 

2 

2 • 

2 

. 1 

1 

' 1, 

1 ‘ 

' 2 

1 

1 

1| 

t 

o 

1 man, 1 boy. 

1 „ 1 „ 

1 „ 

1 

*- 

1 „ 

(Double furrow) 1 man. 

1 man. 

1 

(Double furrow) 1 man. 


In recent years, particularly since the introduction of the tractor, more attention 
has been given to ascertaining the actual resistance of the soil to the plough. By 
placing a kind of spring balance between thfe team and the plough the actual pull 
exerted by the team, or the draught of the plough, can be determined. The soil 
resistance is qalculated as so many pounds per square inch of furr ™ Thu ® 

if a furrow 10 inches wide and 6 inches deep caused a draught of 600 lbs., the soil 
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resistance would be stated as 10 lbs. per square inch. This figure includes the empty 
running draught of the plough itself, which varies somewhat according to the weight 
of the impiement,.while'different ploughs and different settings of the same plough 
would give different figure?,in the same soil. In trtictor trials special dynamometers 
are used which*take records of the draught during a considerable length of ploughing, 
so that the average resistance'of the soil can be ascertained. 

The following resistances per square inch represent the chief classes of land and 
work met with in practice : clays in firm state, 16 lbs. ; heavy loam in firm state, 
12 lbs.; medium work, 8 lbs.; lightfploughing,*4 lbs. 

A horse is a very flexible motor, i.e. it can exert a pull much above its normal for 
a short period; but it.is subject to fatigue and cannot properly be called upon to 
perform more than a certain total .quantity of vtork in the day. In ploughing the 
actlial time during Which ^he team is exerting .its full draught on the plough is about 
6 hofirs. The rest of the day is'spent in‘going to and from the field, turning on the 
headlands, resting, and waiting Whije.the ploughman adjusts the plough or gives it 
other attention. Although this'may appear to be a small proportion of the working 
day, it needs only to be pointed out that, at an orrljnary pape of \\ -2 miles per hour 
and’pulling a plough cutting 10 inches wide, 6 hour*’ actual travelling represents an 
area ploughed of slightly more than one aero. (With a width of 10 inches, an acre is 
covered by 9 0 miles of travel; and 9-9 : 1-75=5-7 hours.) 

Another section of the book it’s shown that a good farm horse can work at the 
rateof 1 h.p. for eight hours, or h.p. for 6 hours per day. .At paces of 11,2, and 2£ 
miles per hour, 1£ h.p. represents draughts of 333 lbs., 250 lbs., and 200 lbs. re¬ 
spectively. From the above information the following*table has been constructed, 
showing the horses required to. plough different classes of, land at different paces, 
with.a furrow of 10 inches wide and 6 inches deep . 


Class of Land. 

^Resistance 
per sq.'.n. 
Lbs. 

• 

Total 

Uraught. 

Lbs. 

Horses required at Different 
Speeds. 

1^ in.ty.h. 

• 

2 m.p.h. 

* • 

• 

2} m.p.h. 

•Clay.... 
Heavy* 

Medium . 

Light 

’ 16 
• 12 

8 

• 

4 

960 

720 

480 

240 

.2-9 

2-2 

1-5. • 

. ‘7 

. 3-8 

2-9 

1-9 

1-0 

4-8 

3-6 

2-4 

1-2 

• 

Area ploughed per day . • - Acres 

•9 

• 

1-2 

1-5 
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TINES AN1) TINE ACTION 

« l 

' » 

Thk plough breast acts on the $oil orfly after it has been cut into the shape ( of a 
furrow-slice, which it inverts with or without breaking, as the case may be. Harrows, 
cultivators, and grubbers have working parts that are made to tear their way through 
the soil, the objects being principally to pulvefise it and to comb out the weeds. 
Tines, as these working parts are termed, produce different effects according to their 
shape and the angle at which they meet,the soil. , 1 

1. Straight, Perpendicular. —A straight perpendicular tooth or tine tears a 
track the depth of which depends on the firmness of the soil, the position and sharpness 
of the point, and the,weight upon it. Ordinarily the forward motion of the tine does 



Soil surface 


Fig. 42. —iLLUSTRAtiNU E^rnCj: of Straight Tine with Perpendicular Setting. 


not cause it to penetrate deeper into the ground. This form of tine is restricted to 
harrows. 

The vertical tooth cuts its track chiefly by a wedging action, displacing the soil 
downwards and sideways ; at the surface, however, the tine lifts the soil setae what 
and formB little ridges on each side of its track. Clods lying in the path of the tine 
are either broken through or pushed forwards and sideways, rstther than definitely 
lifted upwards; and weeds are dragged along with it, only slowly working their way to 
the surface. The straight vertical tine is; therefore, more a pulverising than a weed¬ 
lifting device ; and, although it loosens the surface layers, it compresses those under¬ 
neath. Its wedging action may injure the texture of heavy soil in damp condition. 

2. Straight, inclined Backwards. —If the tine be worked with a backward 

v 
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slope, it does not penetrate so deeply, and it tends to run over and press down weeds 
and similar long'materials rather than draw them out. This form of tine is useful 
for breaking surface clods. It is' also, good for sub-surface packing, as it com¬ 
presses the soil below without giving it a flat consolidated surface. As the final 
operation aftei sowing corn, harrowing with the teeth of the implement sloping back 
may be specially recommended. 

3. Straight, inclined Forwards. —A tine with an inclination in the direction 
of its motion’ tends to penetrate more deeply in the ground than a vertical tine of 
similar weight and sharpness. In this position‘the tine cuts its track partly by dis¬ 
placing the soil upwards, somewhat after the manner of the foi*e end of a, plough. 
The pojnt ljfts the soil, while the body acts as an inclined plane ; the upward thrust 
loosens a relatively wide track of soil, and reduce? the wedging and compressing effect 
that is characteristic of the vertical tine. Weeds hung across the path of the tine 
slid* Upwards to the surface ; and small clod’s or ejren larger lumps lying above the 



level*of the point slide up the stem without being broken. The inclined tine is, there¬ 
fore, more of a loosening and weed-combing than a pulverising device. , 

If the point is suitably shaped -inclined upwards behind- the tendency to pene¬ 
trate increases as the tine i^giveh a greater angle with the vertical until the middle 
position (45 degrees) is reached. Further slope gradually diminishes the power to 
penetrate until, when horizontal’it has no tendency to run in : a ploughshare, for 
instance, must have a certain amount of pitch. 

The tendency to lift weeds to the surface, and also to mov ‘ clods upwards, also 
increases with the widening of the angle from the vertical position ; and this tendency 
does not begin to diminish At the middle position. In the case of the lever harrow 
only a limited amount of slope, at the outside 30 degrees from the vertical, can be 
given, Otherwise the implement tends to block and choke.. In the grubber, having 
longer tines and means of raising the frame, a more forward slope can be adopted. 

4. Curved Tjnhs.— The curved tine is a modification of the straight tine with 
forward inclination. Owing to the upper part of the curve making a greater angle 
with the soil than the lower, this shape has a greater pulverising effect than the simple 
sjraight tine: the actions of the two patterns may be likened to those of the lea 
and digger breasts. , 

(a) Curved Point and Vertical ta.—This, probably the oldest form of curved tine, 
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is characteristic of drag harrows and scarifiers or scuifiers. In the case of the drag, 
this is the only practicable form of tine; for, in the absence of the lever device for 
quickly ridding the tines of collected weeds, the Vertical stem "is nested for clearance. 
The scarifier is merely a very iong-'tined drag harrow on wjieels. “ 

The straight stem has been adopted by certain makers of tractor'cultivators in 



• t 

preference to the more recent sickle-curved tine, because it is less liable to block when 
working deeply, and therefore demands less attention, from the operator. Tractor 
cultivators are lifted out of the ground By means faf the vertical lift and not by the 
r elevation of the points in horse-rake fasljion. , 

(6) Sickle Tine. —Clay’s cultivator, disused specimens of which may occasionally 
be seen about farnfs, kad sickle 
titles; but they were raised out of 
c the ground by being rotated for¬ 
wards, instead of being lifted up in 
horse-rake fashion. The sickle fine 
is net quite semicircular, the 
middle of the curve being of greater 
radius than the ends. This shape 
has the greatest pulverising effect, 
as it bends the strip of soil upon 
itself; on the other Hand, it does 
not bring the weedh to the surface 
so well as the sloping stem of the 
grubber tine. . , 

The sickle shape lends itself to 
variations of pitch and deptp. This . • Scring-Tooth Harrow. 

is seen most completely in the 

spring-toothed harrow; by rotating the tine‘round its “ ax"les ! ’ the point may be 
made to work shallow and almost vertical, for the purpose of breaking surface clods 
without lifting up clods from below ; or it may be rotated further round so that it 
works deeper and behavps as an inclined tine. When at full depth, the point runs 
almost horizontal. <; 

Within limits the cultivator tine may also be worked to produce different results. 
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With the frame dropped and the tines set (mallow, the upper layer of soil may be 
pulverised without bringing up clods, the shares being in this setting more nearly 
vertical. .The position for easiest draught, however, is that in which the tines are set 
with the points qgarly horizontal, the.depth being determined by the wheel-setting. 
In this positicpi the liftingieffect is pronounced. 

(c) Spring Tines .—The effect of giving the tine a certain amount of elasticity is to 
allow it to vibrate in the soil, which assists it to free itself of weeds and increases its 
pulverising action. At the same time the spring reduces the liability to breakage 
in the event of the tine striking «n obstacle. Tests appear to support the contention 
that the spring tine requires less draught than the rigid tine*; but it is difficult to see 
why that should bg, if the two be working at the same depth. The spring tine may 
yield a* a certain pressure and relieve the draught by avoiding, as it were, the work 
that the rigid tine endures. , . * • 

‘ The simple spring tine as first introduced on tile Canadian cultivator had not 
sufficient strength for use in the yay the British farmer had been accustomed to use 
his grubber.. In more recent types- the tine is strengthened with some form of 
“ helper.” The spring-mounted steel tine is in the nature of a compromise between 
the rigid and the spring patterns. Owing to its greater strength the spring-mounted 
tine may be given greater length and radius than th£ Canadian pattern, thus adapting 
it for deeper work. 

^RUBBERS AND * CULTIVATORS 

Development. —The mecfijeval farmer had a plough -with an iron share (the 
wooden breast was still common ip ?840), a harrow, and a roller. But he had^ no 
cultivator ; neither did hte methods require one. He’grew no “ green crops,” and 



he cleaned his land by bare fallowing it every third yeqr. The substitution of cleaning 
crops for the bare fallow, commencing about the middle of the eighteenth century, 
create? a need for deeper working tine implements, and^by the end of that century 
scarifiers were in fairly commfin use. It was not until about 1860, however, that 
grubbers and cultivators began to play an important part in British husbandry, 
performing some of the duties of the plough in spring preparations for root crops. 
Morton, writing about that time, attributed the extension of. the use of these imple¬ 
ments to the effects of drainage. , 

The cultivators in vogue until near the end of the nineteenth century were not 
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fitted with the sharp steel or chilled shares characteristic of the present-day patterns : 
hence a greater weight of frame was required to force the tines into the ground. The 
dull share and the heavy frame gave the older patterns of cultivator the reputation 
of being horse-killers. They were almost equally hard on the man who had to operate 
them. The introduction of the* lighter Canadian spring-tine cultivator in 1892 
was followed in 1896 by Messrs Howard’s “ Champion ” cultivator, with sickle-shaped 
tines, modern shares, dump-rake action of the tines, and a very light frame. 

Functions. —Cultivators perform functions intermediate between those of the 
plough and the harrow. Typically ^hey are used to break down the furrow slice so 
that the harrow .may w<5rk and further refine the soil, and to bring up the runners 
of weeds to the surface layers, from which the harrow may extract and collect them. 

Autumn Cultivations. —Early attention to the stubbles is a generally accepted 
rule of good husbandry ; and the cultivator is a favourite implement for this purpose, 
partly because it enables the farmer to deal with a large area.in a short time. Cultiva¬ 
tion between the rows of stooks nTay sometimes be seen, but it has even been suggested 
that a cultivator might be attached behind the binder when hauled by a tractor. 

There is sometimes considerable delay in waiting for the land to become moist 
and mellow enough to plough. This delay can be shortened by a superficial stirring 
of the stubble immediately the cutting of the corn ,has made a passage for the 
cultivator. Breaking the surface allows'what rain 1 may fall to enter the soil; and, 
if the broken layer be refined so as to form a mulch, it will check the evaporation of 
moisture and thereby soften the soil for further working after a short interval# If, 
on the other hand, the bare stubble be left to dry out further in hard condition, it 
will become all the harder. ' 

Where the stubble is known to contain the shed seeds of annual weeds, a superficial 
working should be li given„as early as possible, to entourage their germination* If 
left and ploughed under, they will lie dormant until brought up‘again. Fit ted with 
shares, about 9 inches wide (or narrower in the case of implements with closer tine 
tracks) and working about one inch deep, a cultivator can quickly loosen the soil 
so that the seed harrows can prepare a seed-bed in whichopany of tlje weed seeds will 
germinate. This surface layer, however, is often harder than the soil underneath ; 
it is then difficult to operate the implement with the broad shares. The desired 
result must be attained by repetition, using chisel points. 

First thoughts are naturally in the direction of the rigid tine for the work of 
breaking the surface of a hard stubble, and it must be admitted that a certain degree 
of rigidity is essential; but a spring setting assists the tine to penetrate by means of 
the digging or chopping action. Owing to this actior the flexible spring tjne will 
face harder soil than might be expected. This pattern will not, however, rip up 
hard land to a depth of several inches at one turn ; depth can be secured with it, but 
only gradually. • ' 

Various methods are adopted for removing a coat of couch or twitch from stubble. 
On light and on peaty soils, the three-furrow skimming ploughs are often used ; but 
these bury the weeds that are to be extirpated. The paring skim is intended to run 
under and detach without inverting the upper layer of about 3 inches, in which the 
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bulk of the weeds are found. The same kind of work may be done with a cultivator 
if suitably adapted. According' to the weather and the condition of the soil, the land 
may be either immediately skimmed 2 to 3 inches deep with the broad shares, then 
ridged up in shallow ridges with the.triple-breast attachment; or it may first be 
skimmed witl^ the chisel joints, and after an interval of about a fortnight Cultivated 
a little deeper with the broad shares and then ridged up. Given suitable weather, 
the weeds are rapidly desiccated in the shallow ridges, and the soil mellows down so 
that they can be extracted and collected. It is possible to repeat the cultivating 
and break up the land to a good depth withouj ploughing ; but if the ensuing crop 
is to be sown imthe spring, the land should be left ridged u]5 for winter. If a deeper 
layer of weeds is tq be removed, the land should be ploughed, preferably with a wide 
share. • Tire tractor stubble breaker cultivates and ridges up in one operation. 



Fiu. 47.-- Smut-Lift Stumble Breaker for Tractor Work. [ Rnmmnes .\ 


Stubble Breaking.— On certain heavy soils the bare fallow, otherwise necessary 
to keep the land, clean a«l*in good temper, is avoided by a “ bastard ” or “ pen ” 
fallow. Typically the seeds crot> is left down a second year and broken up about 
July. To obtain the best results the land must be “.burst ” up while it is dry. This 
work is beyond the power of ordinary horse-teams iftid foam implements, and usually 
requires steam tackle. The land is worked in two directions with the steam cultivator, 
and, after lying a period tp mellow, is refined and cleaned with horse or tractor 
implements. The usual crop that follows is wheat. The similar bursting up of 
stubble just after harvest may be performed by the heavier type of tractor hauling 
a cultivator of sufficient weight of frame and strength of tine’for the work. 

Spring Cultivations. —Apart from the breaking up of turnip land that hhs been 
sheeped off, the cultivator is in spring occupied almost exclusively on the land under 
preparation for roots. If this land was cleaned before being ploughed, the functions 
of the cultivator are concerned only with the pulverisation and aeration of the soil and 
the conservation of the subsoil moisture. In this work of tilth, formation the cultivator 
has largely replaced tlffi plough, being more expeditious, less expensive of manual 
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and team labour, and its proper use results in a more favourable seed-bed. As 
compared with the drag, the cultivator is easier to operate ; and its depth of working 
can be regulated to suit the work at different stages; there is room, however, for 
both implements. < • 

The wbrk of controlling the loss of moisture from the sail should begin some time 
before that of actually refining for sowing. The cultivator is not the best' implement 
to use under all conditions in the earlier stages of this work. When it is practicable 
to move the land in February or even in March, the digger is usually preferable. 
By this time the autumn furrow has f become more < ft less beaten down, especially if 
the land was rather fine After ploughing ; and the soil and subsoil have regained the 
connection which enables moisture to pass up from the lower layers and evaporate. 
During the drying weather that often begins to occur in these months considerable 
loss of moisture from the subsoil may take place without the soil showing much sign 
of the loss. The loss of subsoit moisture i§ prevented by«breaking the conneption 
between the soil and the subsoil * and this may bp done with either tlfc plough or 
the cultivator according to circumstances. • «. 

If the land is fit to work in February or early March, the opportunity may be taken 
to give it the benefit of additional aeration and slightly deeper tillage by means of 
the plough. The loss of moisture from the upper layers ,would at this season have no 
injurious effect on the crop to be sown, ‘but rathe! hasten the time when the land 
> would be ready to sow; and the soil turned up would have time to mellow down 
.before the seed was put in. Merely stirring the lower layers of the soil, while*they 
are still moist, and n6t bringing them up for the weatier to act on them, may have 
injurious effects. As a general rule the plough js the safer implement for working 
the soil before it has dried to*a fair depth. « ' • 

For the ordinary, work of preparing a tilth for toots in April and May, the culti\jitor 
is usually preferable. The plough is apt to turn the dry surface Soil into the bottom 
.of the furrow, where it may stop the upward flow of 1 moisture necessary for germina¬ 
tion ; and perhaps unkiijdly soil is brought up to dry and bake under the influence of 
drying winds and sun. Cultivating, on the other hand,reliables tfye required depth 
of tilth to be attained without these evils, provide^ that the implement is used with 
discretion. To avoid bringing up lumps that might form clods, the work should be 
done in successive turns of g*adl*ally increasing depth. In some cases it is advisable 
to precede the cultivator with the harrows. 

Spring Cleaning. —The cleaning of stubbles before ploughing simplifies the work 
of preparing the land for spring sowing ; but the demands of other autumn operations 
and the uncertainties of the weather at that time of the year frequently stand between 
what is desirable and whatsis possible. -When a stubble infested with twitch and 
similar-weeds must be ploughed without previous cleaning, the land may be re¬ 
ploughed early in spring to bring back the weedy layer to the surface, where it is more 
easily dealt with. When cleaning operations begin, the upper coat of weeds is first 
dealt with, generally by the successive use of the cultivator, drags, flat roller, and 
harrows, the land being refined and the twitch disengaged and worked up until if 
lies ready to be collected and removed. 
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The deeper layer of weeds may be dealt with by turning them up to the surface 
with a digger, where they may be drawn out by tine implements as above described. 
If the risk of drying out the soil is too great, however, they have to be attacked with 
an implement whose tines are long enough and strong enough to work at the desired 
depth. If. b*oad shares ft nay also be fitted, the effect is all the greater. This is the 
place for the rigid-tined grubber. Grubbers of this type are popular >n districts 
where deep cleaning and pulverisation are desired without spring ploughing. The 
scarifier is also applicable. 

TYPES* OF (TI.Vl VATOlt 

1. The Grubber Frame Type. In this type the tines are attached'to a tri¬ 
angular ffans' carried on three wheels, and their depth of working is regulated by 
vertically raising or dropping "the entire frame* parallel with the ground - . For this 
purpose the. hind wheel* are. mounted on bell-cranked axles ; the fore wheel has a 
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stalk sliding in a dollar at the end of the frame ; jind one lever operates the three 
at the same time. This type ftf frame is representative of the Scotch Grubber as 
brought out by Finlaison in 1824, and afterwards improved.in the mode of lifting the 
tines by Scoulaj and othfi*. Fitted wit h Canadian spring tines it is a very popular 
type on the Continent, and witlyigid tines the ordinary cultivator used in many parts 

of Scotland. . 

The advantages of this design are, firstly, that tfie tines may be arranged in three 
or more rows wifh good clearance between them. »Secondly? Ine pifrallel lift ensures 
that all the tines (if properly adjusted) work at the same depth. The. third advantage, 
which is an important consideration where the cultivator is constructed as a stubble 
breaker or heavy grubber,«lies in the position of the tines and wheels. In other 
types of cultivator the tines are placed behind the rmpn-wheels, and when the soil 
is hard the weight of the implement tends to be transferred to the front wheel instead 
of helping to force*the tines into the soil. In the grubber design, on the other hand, 
the tine is situated between two forces, the draught in front and the weight of the 

frame, etc., behind. , ... . 

The drawbacks are that the operator cannot ride on the implement; the lifting 
of the tines in the heavy patterns is laborious, and the cultivator cannot be used 
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Fig. 49.— Spring-Tine Cultivator with Grubb er Frame. Working 
Width 4' 0". Weight r.bout 250 Jbs. j Xicholxon. | 




Fio. 50. —Canadian Spring-Tine Cultivator with Corn and Grass Seed Boxes (Grass Seed Box 
not recommended for Use in Britain). [Maaaey-Harris] • 
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either as a broadcaster or as a drill hoe. The finplement would doubtless be improved 
if the draught hook were replaced by a strong hake to allow of vertical adjustment 
of the pomt of draught; and it is desirable that the pitch of the tines should be 
variable at will. 1 r>- 

2. The Canadian Ty^e.— The most distinctive features of this type are the 
high travelling wheels and the spring tines. The harrows are hinged at the fore end 
to the axle of the main wheels or to a frame carried by the main axle, and are raised 
or dropped by turning on these hinges. There are commonly four units, each con¬ 
sisting of a frame (hinged as above described) and three or four tines, these being 
arranged Ao form three rows, i'.acif unit has a separate pressure spring. 

The team may ^be attached by means of a pole, or the implement maj have a 
tongue.and swivel fore-wheel. The latter is the better arrangement, as pressure 



I 

Fig, 51.— Bar Type ok Hok.se Cultivator with Sei.f-I.ikt, Working 
Width IK 2'* Weight about 5 uwts. ) Xirhokon.} 


on the tines entails a corresponding down-thrust on the pole or tongue; and it is 
undesirable that horses should have to bear weight hanging fro. 11 the collar. 

The Canadiaij cultivator was’introduced into this country by the Massey-Harris 
Co. in 1892, and is now made in various patterns by a number of British firms. The 
sectional frame enables the tines to follow the inequalities of the ground; the three- 
row arrangement of the tines enables them to be pTacjd to work tracks as close as 
5j> or 6 inches, thus working the ground thoroughly without blocking; the large 
wheels make for easy draught, and, owing to the straight axle, the implement readily 
lends itself to adaptation as’a seeder. t 

3. English Cultivator^ Bar Type. —In this type, which resembles a multiple 
horse-hoe, tile tines are arranged on a special tine bar which passes across the rear 
of the cultivator. This bar is tinged to the axle or the’frame and may be raised or 
dropped to lift the tines out of the ground or to set them at different depths'. The 
tines themselves are made of steel with rectangular section, and, in order to place the 
shares in two rows, alternate stalks have Fong and short curves. 

The first advantage of the bar type is that the working parts of the implement 
are wider than the wheqjs, so that the tracks are cultivated up and wide hedge bottoms 
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need not be left. The tines are adjustable laterally along the bar to give greater 
clearance when necessary or to group then) in threes for drill hoeing. Cultivators 
of this type may also be fitted with the triple ridging attachment. 

4. English Cultivators, Horse-Rake Type.— The original, of this series is 
Howard'.i. “ Champion,” introduced in 1896. The seven <ir nine sickle-shaped steel 
tines are attached to brackets on the axle itself ; and, by means of a lever'that rotates 



Kiu. 52 .—Axle Type of Cultivator with C'oijs-slwinu Box. [Howard.] 


the axle, the tines can be r»is«t} or lowered as may be required. The implement 
may be regarded as- an^adaptatign of the dump 'rake, the tines being readily freed of 
weeds, etc., by the same kind of movement. 

The range of depth and pitc^ of the tines may be altered—to vary the effect of the 
lever—by adjusting them individually at the brackets. e The brackets may be ( moved 
laterally along the axle to adapt the tines,for work between ridges or drill rows. The 
implement may be used as a triple ridger ; and the straight axle allows of its being 
adapted as a broadcaster. v 

Martin’s Cultivator has rigid tines with patent spring mountings. The springs 
relieve the operator in the manipulation of the tines; on the other hand, they are an 
additional wearing part. This make has cranked axles for the regulation of depth 
of working. In the chief patterns the two cranks are operated by separate levers, 
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so that the axle may be run parallel with the*soil surface when one wheel has to run 
down a furrow. Fitted with expanding axles and three levers, the implement can 
be used as a three-drill grubber, jiorse-hoe, or ridger. For ridging or hoeing 
between the rows- of roots sown on the flat a steerage attachment is fitted (figure 
127 in Chaj3t^- X). 

The two rows of tines are kept at the same depth by the adjustment of the head 
of the frame on the standard of the swivel wheel. 


B B 



FlU 53.—(.'lII.TJV.VrOll WITH Sl’KlSO-MOVNTK1) Tjsks. , Martin *.] 
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A—Tine-lifting Lever. 

BB- Depth-regulating Levers. 


5. Semi-Grubbers.- -In the true grubber type, ‘tin; tines have a fixed “pitch,” 
and can be raised or lowered only b*y the vertical li/t, of the ? nGre fsame on the axle 
cranks. In the semi-grubber the. tines, although arranged more or less in grubber 
fashion, may also be operated by rotating them on th S ir axis in the horse-rake manner. 
Howard’s “ Imperial,” Nicholson’s “ Yeoman,” and Ransome’s “ Orwell ” are of 
this type. All have, one row of tines in front, of the main wheels and one row behind 
them, the two tine bars being'simultaneously rotated by the operation of one lever. 
The wheels have bell-cranked axles for regulating the depth of work, the two having 
separate levers. To keep the implement horizontal, the head of the frame is raised 
or lowered on the stem of the swivel wheel The last adjustment is ordinarily made 
by sliding the stem in a collar and securing it by means of a set screw: this could 
be improved upon by the adoption of the vertical screw. 
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The chief advantage of the semi-grubber, as compared with cultivators with only 
one tine bar, is the greater clearance between the two rows of tines; this facilitates 
the working of the implement in foul or rough ground. 



Fro. 54 .-- Nkmi-('KU»hkr, Frame ('ultivatoh with SrniNp-Moi'NTKH Tines, [ liansomcn .J 
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a 

b. Tractor Cultivator* —In adapting tli* c-ultiv&tor for tractor draught, 
'certain special requirements have to be metfl) The frame and the tines must be 
equal to the greater stresses to which they will be subjected, sincfe the tractor imple¬ 
ment ij expected to work the land deeper and also finder harder conditions than the 
horse-drawn cultivator. ( (2) Owing to the greater^ forces in action and the higher 
speed, the wheel-bearings must be larger, dust-proof, oihljght, ami renewable. (3) 
As one man is expected to operate both tractor amj cultivator, it must have a self¬ 
lift device. (4) For the same reason, the tines must be capable of working without 
much liability to choke. » *'» 

The design of the .tractor cultivator has hot yet become Standardised, but 
there is a tendency to favour the grubber type of frame. This allows of the 
tines being disposed in three or, more rows, thus giving greater clearance between 
the tines and reducing the liability to choking. Further, since the tines are 
operated by the self-lift-device, which gives a vertical lift, and nofby means of 
a lever to lift the tines in horse-rake fashion, there “is no advantage in adhering 
to the sickle-shaped tine, which is rather subject to choking when working 
deeply on weedy land. 

The tines work tracks about 9 inches apart, and the commonest size is the 9-tine 
implement, which has a forking width of 6 feet to 6 feet 9 inches and weighs about 
6$ c'wts., or 1 to 2 cwts. more than a horse cultivator of similar dimensions. The 
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draught at 5 inches depth on loose soil is about 1000 lbs. This, at a speed of 2-2f 
miles per hour, represents a draw-bar horse power of roughly 6-7 ; but owing to the 
disadvantage of driving the 
tractor over soft, ground an 
engine power, rated at about 
three times' those figures is 
necessary. 

Some tractor cultivators 
have a swivel fore-carriage or 
castor wheel to carry the down- 
thrust on the fore^eml of the 
frame ;• in "Otljers the frame is 
attached to the tractor draw-, 
bar. In either case it is acces¬ 
sary* to preside for raising and )\ 
lowering the point of draught ’ ■ 
to level the frame. The former 
arrangement allows of the use 
of a spring draught coupling, 
and the cultivator can be used 
behind horses when necessary. The wear on the castor wheel or fore-carriage is, 
however, severe, especially when the draught chain is attached too high. 



Fiu. 55 —Self-Lift Cultivator for Attachment to Tractor 
J)ra\v- Bar. Working Width iY 5*. Weight <5J ewts. f Phipps .] 


DRAUGHT OF CULTIVATORS 
•# 

Ulie cultivator, like the piough, rrfoves a certain width of land, to a certain depth. 
A 9-tine cultivator \vith an effective working width of 6 feet 9 inches, moving the 
land to a depth of 4 inches, mat' be considered to he dealing with a “ furrojv ” of 
81x4. 324 sq. inches section. If the land be light and recently ploughed, the soil 
resistance will big about. 3, M)s. per sq. inch of section; hence the draught of the 
cultivator will be about 324x.%=972 lbs. Now a draught of 972 lbs. at a pace 
of 1| mile per hour is equivalent to 4 h.p.; while a pace of 2 miles per hour 
with the same draught amounts to 5] h.p. It. only good heavy horses that 
can work a full day at the rate of I h.p. without, being .unduly* taxed; hence, 
if the task of pulling such a cultivator is placed on a team of three horses, a 
day of six hours’ work is as’ long as they can properly he called upon to labour. 
In thak time an area of about 7 acres can be covered, if there is no delay or 
interruption 6f the work. • , • 

The above illustration shows that the rule as to allowing three tines per horse 
can apply only to £ood horses and rather light land, or to short working days. 
On heavier land the soil resistance is about 7 lbs. per sq. inch of section, if the 
soil is in firm condition : so that to break up such land to a depth of 4 inches 
with a 9-tine cultivator would require the power of abqut 10 horses—obviously 
a task for mechanical power. There is no doubt that on many farms the horses 
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are overtaxed when working in the cultivator. For ordinary work with a three- 
horse team, a 7-tine implement with an effective width of 5 feet 3 inches is a 
more reasonable size. Its disadvantage is tjie fact that it does not.lend itself 



Fig. 56.'—Self-Lift Tractor Cultivator with Improved Fore-Carriage 
and Spring•moun’red Tines. [ Xichoteon .] ‘ 

c 

to adaptation for use ai a triple horse-hoe qr ridg£r. The 9-tine size is really a 
tractor implement. 

The draught is naturally heavier when broad shares are fitted than when the 
ordinary chisel points arb used ; the setting of the shares has also some effect. 0 The 
swivel wheel in front of the cidtivator may add to the draught by sinking int<5 the 
ground when the draught chain is attached too 'high in the hake. The angle of 
draught should be adjusted to take some of the weight off the swivel wheel. 

C t» ■ 1 


GENERAL CARE OF CULTIVATORS 

r 

Each tine should lje square .with the axle, so that the share works strictly point 
first. Omission to raise the tines when turning on or near a hard headland is one of 
the chief causes of distorted tines. Each tine in a row'should have the same depth 
and pitch. This may be tested by letting them downrm a level firm surface 

The swivel wheel is one of the first parts of the cultivator to wear oilt. This is in 
many cases due to omitting to adjust the draught chain to the proper height in the 
hake, and thus allowing too great a down-thrust to bear on the front wheel. The 
cultivator should certainly have means of making this adjustment, but preference 
should be given to patterns showing improvements in this and in the swivel wheel. 
A single broad-tyred swivel wheel appears to answer satisfactorily, but this is 
sometimes made too small. < 
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The axles of the road wheels should occasionally be cleaned of “ swarf,” so that 
they can be effectively lubricated: and an occasional coat of paint will help to pre¬ 
serve the implement, both by protecting it against rust and by inspiring respect 
for it. 

When the cultivator is lo be left overnight in the field, it should be halted a few 
yards from tTie headland and left with the points in the ground. When it is to be 
put away for a period, the shares should be cleaned and greased and any coil springs 
similarly protected from rust. All springs should be left without pressure or tension 
on them. 




CHAPTEK VI 

HARROWS 

Functions.— The harrow completes the work of the plough and the cultivator in 
further refining, shaking down, and levelling the ^oij for sowing, and in drawing out 
perennial weeds and other “ rubbish.” Harrows have, hawever, a number of other 
functions not thus connected With the work of fhe above-mentioned‘implements, 
viz. to cover seed or fertiliser ; to aerate the winter-lown soil; to encourage tillering ; 
to break crusts and form a soil mulch ; to destroy annual weeds ; to aerate the sur¬ 
face of grass-land, draw @ut moss and spread worm castings ; and to break down and 
spread clots of manure. The variety of functions per/ormed by the harrow and the 

different classes of land on which it has to 
work account for the great variety of types 
and weights of this implement. • 

1. Pulverisation.— The tines of the 
cultivator being from 6 to 9 inches apart, 
this implement is not adapted for the 
complete refinement of soils that luive a 
tendency to cohere ih lumps. The teeth 
of the harrow, however, cut tracks that 
are only from 1 \ to 3 inches apart. Lumps 
and clod's of th^se diameters have therefore 
no chaise of passing under the harrow 
without being struck by one or more teeth. 
When breaking down a lea /uttyiw, either before or after sowing corn, the harrow is 
used without being preceded by the cultivator. The lea furrow 1 has to be broken 
from the top downwards; and straight-toothed harrows must be used to avoid 
bringing up turf ; but the process is not complete until the furrow has been broken 
to its full depth and the seed-bed freed of any cavity between the ploughed goil and 
the unmoved bottom. This may involve six or eight strokes of the halrrows. 

Soils that possess the tendency to form clods will pulverise only when in the right 
condition with regard to moisture. When such land is too *wet, harrowing will 
“ puddle ” the clay particles so that the soil will set hard on drying, and the team will 
further injure the land by poaching it. On the other hand, if lumps are permitted 
to dry through rapidly,,they will form clods; and these will have to wait till sub¬ 
sequent rain has softened them, or they must be attackedt with implements other 

02 



Fia. 57 .—Showing Separate Tine Tracks 
op Zig-zag Harrow. | T . Corbett .] 
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than the harrow. The so-called “ forced ” \ilth has not the mellowness of that 
secured by judicious harrowing. 

Heavy land will pulverise when half-dry. In drying weather this stage hs so soon 
passed that it is necessary to follow the plough or the cultivator almost immediately 
to prevent the formation »f clods. At other times the appearance and feel of the 
lumps are th'e guide. It is unwise to allow furrows to dry out too far before beginning 
to reduce the lumps. Care is required in the pulverisation of heavy land, however ; 
generally it is undesirable to harrow it down to a fine tilth, as it may run together 
under the influence of rain, then set hard and bjke. If it is to lie some time before 
sowing, it* should be left with some* clods on the surface ;• and, if the surface is 
slightly ridged, as by the tines of a cultivator, it will be less inclined to run together 
than if left haryowed or rolled'down. The clods may be further reduced by harrow¬ 
ing after a little rain near the time of sowing. Harrowing dry hard clods is futile, 
unless the object is to kill,weeds in them. 

According to the nature of the soil and the depth the harrow is called upon to 
work, it must be of suitable weiglft, »*id have teeth of appropriate length and distance 
apart. A light harrow with short teeth only 11 inch apart would be out of place 
among large clods on a clay soil, although it migflt be usefyl for the final operation 
after the clods had been reduced by one of heavier edarser pattern. 

‘2. Weeding. —Two or three types of harrow find employment in the work of 
drawing out, killing, and collecting weeds. After the land has been broken to the 
deptljjof the furrow with the larger tilled implement, the weeds are combed out of the 
soil, first with harrows having’purved teeth of sufficient length and with sufficient 
weight “ behind ” them to bring up thfe weeds from a depth of 4 inches. The weeds 
having been brought near the surface, are further con hied out by lighter harrows, 
in thjp case with straight teeth,. Finally they are collected .together, either with the 
chaip harrow or with the horse rake. On light land free from stones the side-delivery 
rake does most excellent work at this stage. On land that does not readily pul¬ 
verise, the harrows are assisted with the roller, which cracks the clods and disengages 
the weeds. 

The heaviest type of soil will rjpt submit to the above process of cleaning. If it is 
badly infested with weeds, there is hardly any alternative to dead fallowing. In other 
cases the weeds are killed by drying out in the olocjl, a, process that necessarily in¬ 
volves loss of moteture. After cross-ploughing, thi; land is grubbed or cultivated 
into lumps, and these are stirred with the heavy drag harrows twice a week or so 
until they have been “ roast'ed ” through ; then aftey rain to soften them, they are 
further broken down for sowing. 

Harrowing to destroy the seedlings of annual weeds such as charlock and spurrey 
among spring corn is very comhiendable if properly carried out. The harrow used 
should penetrate just deep enough to uproot the seedlings without injuring the corn 
or bringing up a fresh lot of weed seeds: this necessitates using the harrows while 
the weeds are small, which is about the time when the corn has four leaves ; and to 
ensure effect, the weather must be dry enough to destroy thqse disturbed. 

3. Harrowing Growing Crops.— Autumn-sown wheat is harrowed in spring to 
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aerate the soil, thereby stimulating l?oth root and bacterial activity, and to cause 
the plant to tiller. Earthing up the crown of the wheat plant causes it to send out 
new stems and new roots. Some believe in a very vigorous harrowing of the autumn- 
sown corn in the month of March or April. .Care should, however, be taken not to 
loosen the soil too deeply, otherwise the effect will be* to predispqpe the crop to 
lodging. Too deep work may also bring on trouble with charlock. 

Both winter- and spring-sown corn benefit from harrowing when the surface of 
the land has become encrusted. A crust excludes air, cheeks the entry of rain, and 
prevents the development of tillers^ In the case ef recently worked'lahd that has 
formed a crust, there is hollowness underneath; but winter-capped soil is more 
solid, and the presence of a crust in this case results in loss o t f moisture'from the 



Fia. 58.-* -French Scarifier adapted as '“•Reg'enerateur de Prairies.” • 
Weight 000 lbs. Width 34'”. [Bajac .J « 
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lower layers. To prevent encrustation, discretion must be exercised in the operation 
of rolling. The land should not be rolled until it' is sufficiently dry, and the rolled 
surface should be roughened with a light harrowing. If d harrow with tines inclined 
backwards be used, the requisite rough surface is obtained without loosening the 
soil below. ( 

Meadows aje harrowed in spring to draw out'moss and to spread manure and other 
substances that might interfere with the work of the mower. Probably grass land 
would benefit from a harrowing operation that cut into the soil and admitted air. 
One has seen good results from such treatment in the case of tough foggy swards. 
Excepting the rich feeding lands, pastures are generally very neglected in respect of 
the use of the harrows. ' < 


TYPES OF HARROW 

1. Drag Harrows. —The drag is a heavy harrow with long, curved teeth. The 
points may be either round, chisel, or duck-foot shaped, the first having the best 
penetration and the lightest draught, the last having the greatest effect but requiring 
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heaviest construction and greatest draught. »Fhe teeth vary in length from 5 to 10 
inches, in distance apart from 2| to 3£ inches, and in weight (including frame) from 
6 to 10 lbs. The- heavier and coarser patterns are required for strong land and for 
deep work. 

The strength of the fastenings and the placing of the teeth in proper line are 
important matters in the construction of drag harrows. The shoulders should be 
square to enable them to be securely screwed down, and the lower portion of the 
neck should likewise be rectangular to prevent the tooth from turning in its fastening : 
the curved toeth must be fixed with its point truly in line with the forward direction, 
and it must be strongly held in that position -to prevent its twisting round, especially 
when turning at the headlands. Rectangular teeth placed with the narrow side to 



Fio. 50 .-~Dr'^ H arrows, Three Bi?am | 


the work lend themselves to fastenings that will not allow twisting ; and steel teeth 
are superior in tilts respectsto soft iron. 

There are two common shap<« of frame : the one-horse size is triangular; the 
larger sizes are made in two sections, either with tjg-zag beams or with diagonal 
beams arranged to give the zig-zag ,shape. The trub zig-zag pattern is rather more 
expensive; but it is the stronger design. Each section in the pair of drags has’either 
three or four beams. A fiv;e-beam drag in one piece is sometimes made; but it 
cannot follow the unevenness of soil surface so well as the sectional pattern. Drags 
usually •have handles to facilitate lifting for releasing weeds; and there are wheeled 
models. These are intended fpr deeper w”ork and encroach on the duties of the 
cultivator. The whjels—one in front and two behind—serve to regulate depth and 
to lift the teeth vertically out of the ground on their cranked axles: they also 
facilitate the transport of the harrow. 

The function of drags is to comb the weeds from the lower layers of the soil 
to the surface, to be shaken and collected by the lighter harrows. They also serve 
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to pulverise the soil to a greater depth than the latter, but not to refine it to the sfme 
degree. In functions and in order of operation the drags come between the cultivator 
and the seed harrows. After cultivating both ways of the field, the drags are used 
similarly lengthways and crossways, before harrowing with the .straight-toothed 

harrows. If the dragging be 
omitted, the land* ipay not be 
thoroughly cleaned to the proper 
depth; for the cultivator is not 
efficient enough in .raising weeds 
to the surface to enable the short¬ 
toothed harrow fo draw, them all 
out. Another* use for the drag is 
to stir clods in falloVin| or in 
' cleaning heavy land in the clod. 

■ Alth&ugh length of tooth is 
required to afford clearance under 
the frame, it affects depth of 
working to some extent: a long 
tooth gives a high hitch. Long 
graces and draught chain similarly 
favour penetration. 

The draught of the drag harrow 
is affected by the nature and firm- 
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-Haubow Tooth anii Patent Fastenings. 
[ Ogle .] 


ness of the soil; but for average conditions it ms/ be taken to be three times the 
weight of the implement. The following table indicates average British practice 
in the size, etc., of drag harrows and the number of horses that should be allowed 
for each size, wheh working full days at a pace ‘of l§-2 miles per hour and a 
draught of 250 lbs. per horse / - 


Width. 

Weight. 

< 

Xo. of 
Leaves. 

Xo. of 
Tee/h. 

* t. 

Width 

per 

Tooth. 

Feet. 

Lbs. 


, 

Inches. 

44 

133 

1 

20 

2-7 

44 

147 

1 

, 20 

2-7- 

44 

182 

1 

20 

2-7 

7 

244 

2 

30 

2-8 

7 

280 

2 

30 

2-8 

94 

336 

2 

40 

2-9 



c ^ 


Maximum 

Weight* 

Average 

Draught. 

No. of 
Horses. 

L 

Area per Day„ 

per 

Tooth. 

Acres. 

Horses 

used. 

Lbs. 

Lbs. 




6-6 

400 

1-6 

8 , 

2 

7-3 

440 

1-8 

* 74 

2 

91 

' 550 

2-2 

6 

2 

8-1 

730 

2-9 

10 

3 

9-3 

840 

3-4 

9 

3 

8-4 

1000 

40 

14 

4 
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2. Seed Harrows. —Seed harrows have vertical straight teeth and generally 
a lighter frame and shorter teeth than the drags. The teeth vary in length from 
about 5 inches in the lighter zig-zag to about 10 inches in the heavy rectangular 
break. Their working tracks vary from 1| inch apart in the lighter patterns to 
2 inches in th» heavier ; a fid the weight per tooth may be as low as If lb. or as high 
as 4J lbs. Breaks are heavier and cut wider-spaced tine tracks. As with drags, 
heavy soils demand more substantial seed harrows and wider spacing of the teeth than 
freedands. A medium harrow weighs about 3 lbs. per tooth and cuts tracks about 
If inch apart. If the teeth afe of rectangular shape and placed narrow-side on 
and the point cut away behind, the harrow may be used both Torwa/ds and backwards, 



Fio. 61 .—Seed HarroaVs, Foxir-Beam, Zhi-zag, with Pvtent Tooth 
^Fastenings. ] 


the one for deeper work than the ytlier. The remarks on tooth fastenings, made with 
reference to drags, apply also to seed harrows. Steel teeth are recommended, as they 
preserve their shape and sharpness better than wrought,iron. 

Seed harrows afe most familiar in the sectional form, and three is the usual number 
of leaves. Each leaf or section has (three or) four zig-zagged beams bearing five (or 
six) rows of teeth : there are thus variations in number of tefth from 15 to 24 per 
leaf, but usually 20. Diagrmal sections have similar numbers and arrangements 
of teeth. Thlj division of the frame into sections enables the harrow to follow un¬ 
evenness of soil surface and facilitates packing fqr transport and storage. The 
zig-zag or diagonal ftrrangement of the teeth allows of the sections being attached 
at two points to the whippletree, and the assembly has greater stability than the 
rigid-framed harrow drawn from one'point. It is, however, an advantage to have 
means of lateral adjustment of the draught. When the harrow is running obliquely 
the tines are not each cutting a separate track ; moving the draught towards the side 


68 


FARM IMPLEMENTS AND MACHINERY 

0 

that is lagging squares the implement. The sections should be coupled together 
behind to facilitate turning at the headlands. 

Seed harrows are used to refine the soil for drilling; to draw out and shake weeds 
free of soil, after they have been brought up by the curve-tine implements; to 
cover seed after drilling or broadcasting; and to aerate'and mulch the surface of 
land bearing growing crops. For breaking down lea furrows, either before drilling 
or after sowing, the heavier patterns are needed, as it is not sufficient merely to cover 
the seed or to level the crests of the furrow slices. For this purpose and also for other 
heavy duties, some farmers adhere to*the old-fas^ionfcd break harrow. 

The draught of. the seed harrow is rather leas than three times the weight of the 
implement. The number of horses required for harrows of typical British sizes 
and weights is shown in the following table. The typical seed harrow* ha's three 
leaves each possessing four beams with five rows of teeth, or sixty teeth in all. 




Width 
pjjr Tooth. 

« 

Weight 
per Tooth. 

t « 

Average 

Draught. 

No. of 
Horses. 

1 

Maximum 

Area per Day. 

Width. 

Weight. 

Acres. 

Horses 

used. 

feet. 

Lbs. 

Inches. 

Lbs.' 

Lbs. 

■ 



n 

112 

1-5 

1-8 

310 

1-2 

8 

i 

81 

148 

' 1-7 

2-5 

410 ’ 

1G 

13 

2 


190 

1-9 

3-2 

520 

21 

13 

2 

10 

250 

20 

4-2 

700 

°0 

15 

3 


Makers usually describe the 7| feet size as a one-horse implement. A good horse 
can work 6 hours at 1|. mile per hour under a draught of 333 lbs.: for a full day’s 
harrowing, two leaves are enough for one horse. 

3. Bkeaks. —The break is a variety of seed harrow, having long straight teeth 
fixed in a heavy oak or ash frame. The frame is square or rectangular in shape; 
the teeth are arranged in parallel straight rows; and, to give each tine a separate 
track, the frame is drawn from a point to one side of the middle of the front edge. 
By fixing the draught chain at different points, however, the teeth can be given 
various spacings of working tracks, wide for work among large clods and narrower 
for greater refinement. * 

The advantage of the rigid frame is that any hard clod or resistant piece of ground 
is subjected to the greater part,of the weight of the entire harrow ; hence the break 
has great powers of penetration. The tracks of the teeth may^also be varied from 
about 2 J inches, when each tooth cuts its own slot, to about 12 inches, when the harrow 
is drawn with the front edge square with the work. Its disadvantages are--inability 
to follow unevenness of surface, clumsiness, and instability : being balanced on the 
one point of draught, the implement oscillates from side to side during work. 
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The uses of the break are to work down 
to stir clods on clay soils. 


lea 


furrows without bringing up turf and 



Fro. 62 .—Oak-Beam Drear ok Yorkshire,Seed Harrow. [ Tell . | 


4. Lever Harrows.— The lever harr6w has straight teeth fixed to traverses 

which by the operation of a lever may be inclined forward or backwards, or set in the 
vertical position. The object of this is to enable the one implement to perform the 
different duties of teeth with different angles of inclination to'the soil; the harrow 
may also be easily freed of weeds bv levering the teeth back and allowing the weeds 
to slip off. A •spring may be inserted in the levering device to prevent breaking 
i eeth in the event of their striking an obstacle. ■ 1 

5. Spring-Tooth Harrows. —The spring-toothjiarrow is said to have been made 
in Canada as long ago as 1871 /about a decade before the Canadian cultivator. A 



Fro. 63. —Sit of TUbeb Spring-Tire Harrows coupled for Tractor. [Nicholson.] 
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specimen having the sickle-shaped tines adjustable for depth and pitch by movement 
of a lever was exhibited at the Birmingham Royal Show in 1898. Certain British 
firms have taken up its manufacture, and the* implement is well liked wherever it 
has been tried. It is made in different sizes, of which the following may be taken as 
representative:— 0 . 


Maker. 

C 

No. of 
Teeth. 

Width of 
Wo*. 

Weight. 

r 

Weight 
per Tooth. 

Width 

between 

Teeth. 

Draught. 

• 




Inches. 

Lbs. 

Lbs. 

•Inches. 

» r >■ 


f 

7 

35 

170 

.24 

5 

2 light horses. 

Nicholson . . | 


9 ' . 

r 45 , 

200 

22 . 

5 

2 strong „ 


1 

12 

■ 60 

240 

20 

5 

3 «„ 


r 

3 

18 

98 

' 33 

6 

1 horse. 

Pilter 


5 

24 

112 

'22 

15 

5 

1 „ 


, 8 

'32 

121 

4 

1 „ 



12 

' 48 

224 

1,9 

4 

2 horses. 


The action of the tine has already been described. The depth of work is variable 
from a light scratching to about 5 inches. The spring tooth harrow may be regarded 
as a light cultivator. As compared with the ordjnary English cultivator, its weight 
per tooth is less than half and'its tine tracks are about half as wide apart. Its functions 
are similar to those of the drag harrow ; but it has the advantages of easy release 
of weeds by lifting the tines wif h the lever and of regulation of‘depth and pitch to 
suit different requirements. The large farmer canldispcnse with this implement if 
he has both cultivator apd drags ; but for the smaller man it will do the duty of both 
these implements. In operating the spring-tooth harrow t it is necessary to lift the 
teeth before turning at the headlands. t 

6. Tractor Harrows. —Prom the point of view of the economical use of the 
tractor, the ordinary horse harrows are suitable for tractor haulage only when coupled 
with some other- implement such .as a roller or a cultivator. Their suitability is even 
then restricted to clean land and land containing nothing that might block the tines ; 
for the tractor has to b,e stopped while the harrow is freed of obstructions. Further, 
if the tractor does not pull a cart, the harrows may have-to be transported to the field 
by horse labour. , 

To be specially adapted for factor work, a harrow must be of such width and 
weight as to utilise a good proportion of the power of the traetbr ; it must have a 
self-cleaning device, and it must be capable of being transported by the tractor— 
after folding or otherwise adapting its width for passing through 9-foot gateways. 

Martins’ Spring-line^ Harrow .—This implement has twenty-nine spring tines 
2J inches wide and covers a width of 12 feet, the tines being 5 inches apart, as in an 



HARROWS 


71 


ordinary spring-tine harrow. The frame is carried on wheels with cranked axles, 
upon which the harrow iB lifted by means of the self-lift device. The weight of the 
complete implement is about 10 cwt4. t On a light loam freshly ploughed, it gave a 
draught of 1440 lbs. at a depth of 6J inches—or 1| lb. per square inch of work, as 
compared witti cultivators which gave a draught of 2J lbs. per sq. inch on the same 
field. If its draught may be taken to be, per sq. inch, three-fifths that of a cultivator, 
then on heavy land it would be 2300 lbs. at 4 inches depth. This implement is there¬ 
fore of sufficifent capacity for tractors of the larger sizes. 



Fio. 64 .—Sprint-Tooth Tractor Harrow with !»'ei.f-Lift. [ Martina .] 

Nicholson's Self-Cleaning Harrows .—These are conventional spikj-tooth harrows 
with a very simple but effective self-lift device. The half-wheel rides with its flat half 
down and the hoop up, until the cord is pulled : it then revolves, aided by a spud at 
its front corner, and in so cfbing lifts the teeth over the obstructing matter. The 
weight of the pattern tested a$ Shrawardifle was—without the self-lift apparatus— 
356 lbs., and its draught was 1160 lbs. at 4£ inches depth ; this was 3-1 times the weight 
of the harrows. This implement is made in different widths from 10 to 14 feet 
and in weights varying from 190 to 485 lbs., there being four leaves per set in each 
case. The “ lightest ” pattern has its teeth 1-6 inch apart and weighing 2-5 lbs. per 
tooth—comparable with a light seed harrow. It covers 13 feet, weighs 240 lbs., and 
has 96 teeth—four beafbs per leaf, six rows per beam. The heaviest pattern, 14 feet 
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wide and weighing 486 lbs., has three-beam leaves with five rows of teeth, or 60 teeth 
in all, 2-8 inches apart and 8-1 lbs. per tooth. 



Km. 05.—Set or Four-Beam Skle-cleaninq Ha'rrows. [JVjcAobon.l 


7. Chain Harrows.— Flexible harrows are used on grassland to spread clots of 
manure, molehills and other accumulations, to collect straw that has not rotthd or 
may not rot down be'forO mowing time, and to tear out fog that might interfere with 
the growth of the clovers and finer grasses and .itself accumulate in the shape of a 
“ mat.” On arable land chain harrows serve to ffhake weeds free of Soil, so that they 
may be dried out in the sun and wind, to roll weeds together for collection, to destroy 

- annual weeds such as charlock, and to make a fine 
surface tilth. 

There are various patterns of chain harrow. 

The plain link form b excellent? for arable laud 

work, especially that of shaking out and collecting 

weeds and the like ; it is also useful for spreading 

manure, etc., on grass-land; and it gives no trouble 

from becoming entangled. The spiked link harrow 

has advantages for weed-killing amongst corn and 

for tearing out moss, etc., on grass-land ; it is also 

good for covering sm&ll seeds. Another fo:m con- 

Fio. 86.—Plain Link Chain Harrow a j g j- a () f cast-iron tripods connected by links of steel 
with Spreaders. [AicAofaon.J * \ 

or wrought iron. The points of the tripods are 
longer on one side than the other, and they are sloped in such a way that they will 
tear when drawn in one direction and not when the harrow is pulled from the other 
end. This pattern may be used for either grass or arable land requirements. 

Tripod harrows are made in different widths, lengths, and weights. Three common 
sizes are the one-horse—6 feet wide, 2 cwts.; the two-horse— 1 ® feet, 3 cwts.; and the 
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three-horse, 12 feet, 4 cwts. In the link forms there is greater variety in width; 
but about 7 feet, is the common length. The usual two-horse size is about 7J feet 
by 1\ feet and weighs 2| to 2| cwts. The draught is less on grass than on arable 



Fio. 67 .—Tru>oi> Chain fl a unow \ Teasdale .\ 


in the ease of the plain link ; .but chain harrowing fs heavier work than is commonly 
thought, and it may be noted thaff the implement is heavier per foot of width than the 
seed harrow. Harrowing 11 to 12 acres would be a good day’s work for a pair of 
horses. 

8. Rubbers and SupEs.-»-The plank harrow or rubber fc made by fastening 



Wo. 68.—Plank Drag or Rubber. 


together several planks, 6 feSt by 10 inches by 2 .inches, so that they overlap like 
furrow slices. Tlfe durability of the appliance may be increased by shoeing the 
working corners with iron bars. Its function is to smooth the surface and to reduce 
clods. It is particularly useful in dealing with heavy land in cloddy condition 
which is hardly dry enough underneath to allow of the use fit the heavy roller. 

A similar type of implement may be constructed with heavy bars of metal linked 
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together with short chains. If the bars are bent towards the centre in inverted 
V shape, they make a good implement for spreading molehills on grass-land. 

9. Rotary Harrows.—H arrows of the Norwegian type appear to be coming 
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10. The Acme Harrow. —The pulverising harrow consists of a series of steel 
curved blades, which cut through clods and pulverise the soil without bringing up 
buried manure or turf. The depth o{ working is varied by means of a lever, lhe 
functions of this implement are in some respects similar to those of the disc harrow , 

but it is cheaper to buy anct maintain. 

11. Disc Harrows.— The disc harrow has a number of saucer-shaped discs with 
sharp edges mounted on two axles, which may be set at a variable angle to the direo 
tion of travel 4 according to the depth and effect desired. The action of the disc is 
somewhat after the fashion of the share and mould board of a plough the soil being 
lifted and carried sideways in miniature, broken furrow slices." The pulverising effect 



Fiu. *71.— Disc Makkuw 


WITH SHI'AHITK (i\K<l l.KVEKS \ UoirnrJ .] 


is however, greater than that of multiple skimming ploughs ; the power to penetrate 
firm soil is greater ; ana draught per square inch of soil moved a,.pears to be 

‘"“ue^rd'Lary use of the disc harrow is as a surface pulveriser in the preparation 
of seed-beds, working the soil to a depth of about 3 <* J inches. Although . will not 
grind down hard-bilked clods, it is very effective in reducing Ipnipshcforc they have 
become hardened. It will do good service in stubble paring, if the land is not too 

“ „"i, .»u«,i .,,w - «** «.. r tZVi, 

m***. . turf or k. UtlKT W».o —W ploughing the «I» 

very useful, aS it does not gather the turf and soil and choke itself. J he disc harrow 
may also be used to cover seed dr fertiliser : and it is a good implement to use in form¬ 
ing a tilth on land into which a heavy dressing of manure has been ploughed , the tine 

myCKito 20 inches in diameter. Small discs the greater 
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is their lack of sufficient clearance for c unhindered work on soils bearing much surface 
growth. The 12-inch size would answer well on many British farms, but the 16-inch 
size is the standard. The discs are placed about 5 to 6 inches apart. The bearings 
are an important consideration, the wear being severe. 

In some patterns the two halves of the implement are'operated by<the same lever, 
and the end-thrust of each half or gang is resisted by a “ bumper,” i.e. a very large 
washer, which bears against a corresponding bumper on the inner disc of the other 
gang. In patterns with two levers and separate adjustment of the two gangs, bumpers 
are not used to take up the end-thrust, and the two gangs can be set at different angles, 
or by spring connections be allowed to rise and fall independently in following the 



Fio. 72 .—Tractor Double-Disc Hahkw. [If'. A. Wood.} 


surface of the ground. When‘half overlapping, % gang running in the moved soil 
can Be set deeper than the other, and thereby the ‘draught is equalised. 

A transport truck facilitates the removal of the disc harrow from field to field, 
but in hilly districts a transport pole should also be used to controfthe empty imple¬ 
ment when travelling down hill. A fore-carriage ts better than a draught pole and 
allows of the simple hooking ot-three horses abreast. 

The draught of the disc harrow varies from 10 lbs. per disc in shallow work on 
light soil to 50’lbs. or more per disc in deep work on heavy soil. An implement with 
twelve discs would thus have a draught of about 600 lbs. at 4 inches deep on strong 
land and require two 'or three horses. f 

Tractor patterns of disc harrow are often made with two pairs of gangs, the front 
pair set to throw the soil oiitwards and the hinder pair to throw inwards : the latter 
may be of the cut-away or spading type. A tractor with a drav*-bar pull of 1500 lbs. 
on soft ground would be capable of working an implement with about 32 discs, i.e. 
8 in each gang. 



CHAPTER VII 

r’ollers 


Functions.*—T he principal effect of the roller is to consolidate the soil, its other 
direct effects being to crush clods and smooth the surface. Smoothing may be desir¬ 
able to facilitate the work ftf the drill or the harvester; Tdod-crushing is concerned with 
the refinement of the soil for sowing or with the eradication of perennial weeds; 
consolidation, however, may be desired'for a number of purposes, such as to anticipate 
the natural settling of the soil after sowing, to encourage tillering, to avert lodging, 
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to reset plants thfown out by frost, to pack down a crust, q. to cause moisture to 
rise from the lower into the upper layers of the soil. The use of the roller calls for 
greater understanding than* the simplicity of its ypcration would suggest. The 
principal considerations will explained under the following headings(1) Autumn, 
(2) Spring Wdrk on Wheat, (3) Grass-land, (.4) Spring Seeding, (5) Clod-crushing. 

1. Autumn Rolling.— Shdttly after harvest, maiden seeds on light land should 
be heavily rolled. flTie decay of the roots of the corn crop gives a certain amount 
of openness to the soil, which the roller corrects ; while the consolidation causes the 
soil to lie moist round the roots of the young grasses and clovers and not only stimu¬ 
lates their growth, but also causes the grasses to tiller out apd thicken up. 

Wheat is in practice regarded as a crop that prefers a stale and rather shallow 
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“ furrow.” This preference is not dfle to the wheat plant requiring badly aerated 
and shallow soil; on the contrary, this crop succeeds best after a well and deeply 
worked fallow. The stale furrow (i.e. a seed-bed that has lain a month or so before 
drilling) and the shallow furrow are not likely to inconvenience the'plant by settling 
after the young plant has made part of its growth. Deep working immediately before 
drilling, ploughing leas too near the time of sowing, or ploughing-in yard manure 
or green manure at this time, all create conditions under which the soil may settle 
considerably after the seed has been put into the ground. If the soil settles after 
brairding, the young plant is left with its roots nearer the surface than is desirable, 
and after heavy rains the roots may be visible'on the surface ; the.crop is then said 
to be “ root fallen." If a soil containing an abundance of fresh vegetable matter 
does not settle upon itself but remains open and spongy, then.the crop may be injured 
by the direct admission of frost to the roots. . ■ 

Many farmers dislike the idea of polling the seed-bed for autumn-sown wheat. 
They think chiefly of the rule about leaving the surface rather rough, which is also 
desirable ; but if there is likelihood of the soil settling much after sowing, or lying 
loose and spongy, the use of the roller should not be omitted. The requisite con¬ 
solidation should be secujed before'rather than after sowing ; and probably implements 
of the furrow press type, which* consolidate the lower^ layers more than the surface, 
are to be preferred for this class of work. The superiority of the two outside drill 
rows of each scrape of the drill is often considerable and suggests that the use of the 
press rings might be tried in districts wfiere they are not considered necessary. < 

2. Spring Kolung ,of Wheat. —It is customary to harrow and soon afterwards 
roll wheat and other winter corn as early in March or April as the condition of the 
ladd will allow. For the 8 verage wheat soil and after the average winter in this 
' country, the customary order of these two operations is correct; the harrpwing 
aerates the soil, which has become rather weather-beaten, and sets in motion, the 
bacterial activity concerned in the formation of nitrates. The rolling, which should 
not be done until the land has lain a week or so to dry and aerate, lays the stems and 
presses the soil round the bases of the plants, both of which effects encourage tillering. 
Consolidation also encourages the formation of new ( roots, which both assist the plant 
to feed and give it a better grip of the soil: rolling thus helps to avert the trouble of 
a lodged crop. ' , r | 

As a general rule, the land should not be left for the rest of*the season with a 
smooth flat face, or it will tend to cake, and in that condition lose moisture, retard 
the admission of air, and hinder the entry of rain. The ribbed surface left by the 
Cambridge roller is not so subject to these drawbacks^ as the face left by the plain 
cylinders. In many cases therefore the flat roller should be followed aha later period 
by the light harrows to loosen the surface. A light harrowing as here recommended 
will restrain the tendency of heavy land to crack and dry out. r 

It is sometimes doubtful whether rolling is desirable. After a mild wet winter, 
the soil may be so saddened that further consolidation is uncalled for. The crop 
may have a yellow aspect indicating lack of nitrates : the land in question may be in 
good heart, but owing to poor aeration, bacterial activity is delayed. What the crop 
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requires in this case is harrowing and a dose (if nitrates. If a dry March follows a 
wet February, the surface begins to cake and crack : under these conditions harrowing 
is the better operation, as the under layers of the soil may be injured by heavy com¬ 
pression while still very damp. . 

A special case for rolling occurs on*certain soils and after certain winters, when 
the crop is ‘‘ thrown out ” of the ground or the land is badly heaved by frost. When 
water passes from the liquid to the solid state it expands about 10 per cent, in volume. 

A soil that becomes frozen while containing a high proportion of water is, therefore, 
caused to expand, which it does in the upward direction. This expansion is at times 
so great that the upper parts o? th$ plant ar# torn away from the roots. More 
commonly, however, the plants arc not broken in that wav. but.simply left partly 
heaved out of the ground ; they have been lifted by the expansion <if the soil ill freez¬ 
ing, but have not followed its subsidence in thawing. By rolling the crop as soon as 
the land will carry the team and the roller, these heav.ed plants may be reset and 
saved from destruction by the drying winds that fqllow. A top dressing of nitrate 
at the same time will hasten their recovery. 

As the soil heaves on freezing, owing to the expansion of the water it contains, it 
follows that wet land is more subject to this trouble than well-drained land. Chalks 
are subject to heaving, because they have considerable poUver of absorbing water. 

A seed-bed with a fine surface* wil^ hold the moisture at the top more than one that 
is somewhat lumpy, hence it is more liable to heave and throw the plants out of 
the ground. • 

If heavy rains follow the thaw', the puffy soil is beaten down again, leaving more 
or less of the under parts of the {Hants exposed. If, however,*the soil dries on thawing 
and is left as puffed up by the frost, the plants will not appear thrown out, but 
they will not be in proper contact* with the soil. The puffy layer should be laid , 
dowrf again by rolling as soo "as practicable. The loosened surface is more eom- 
moifly seen on light land than on the heavier soils, find the necessary consolidation 
can be effected without fear of injury from restricted aeration * 

3. Grass-Land.- -It is a very common practice to roll mow-land in spring, but 
not pasture-land* The latter may or may not be harrowed, but meadows are supposed 
to be rolled as well as harrowed. • One of the objects is to lay stones out of the way 
of the mower; but in some cases the operation of calling visibly freshens the grass 
and, it is believed, # adds several cwts. of hay to the yifcld ficr acre. It does not follow, 
however, that rolling is always beneficial to meadows. Ort the heavier and the 
wetter soils, compression, wjsich excludes air, is likely to do more harm than good. 
On the other hand, soils that heave under the infhfence of frost will benefit from 
heavy tolling in spring, whidh presses the earth round the roots of the grasses and 
brings the moisture up to the ^surface layers. Under these conditions pasture-land 
as well as meadows^will benefit from consolidation. "The more common need in both 
is, however, aeration. 

4. Spring Seeding. —Rolling in connection with spring seeding has for its object 
the consolidation of the soil, so that the rootlets may press themselves closely against 
the fine particles and so that the moisture necessary for gerrifination and growth may 
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rise up into the region of the seed and the young roots. Obviously shallow sowing 
and dry soil conditions demand better consolidation than deeper sowing and more 
humid conditions. 

Sometimes it is better to roll before sowing; while at other times the consolidation 
may preferably be deferred to some later stage. The decision should depend upon 
the state of the soil at the time of sowing. If the soil has been well aerated and is 
in fine and somewhat dry condition at sowing time, it should be consolidated before 
drilling. This gives a seed-bed that is firm under the seed, while above the seed there 
is the loose soil left by the coulters. This loose t layer admits the air needed for 
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germination, and, owing to its looseness, it does not conduct the moisture to the surface 
to be lost by evaporation. '' * 

Rolling immediately after sowing is a very common practice, but is not always 
defensible. If the soil is dry enough to roll at this time it should, as explained 
above, be rolled before sowing. If it is not dry enough for the operation, then it 
would often be better to wait. Consolidation of a damp-soil surfi&e interferes with 
germination by excluding the air that is essential to the process; while on some 
soils it increases the liability to,form a hard crust. If, owing to the state of the soil, 
the crop is not rolled before‘sowing, it may be rolled after the surface layer has dried. 
The harrow should follViw the roller to loosen the top inch or so as soon as the seedling 
corn plant is strong enough to bear the operation. ( 

AVhere grass and elover se6ds are to be sown in a corn crop, the rolling is often 
deferred until the time for sowing the small seeds. Before broadcasting the seeds, 
the land is (after harrowing, if necessary) consolidated and ribbed with a Cambridge 
roller, then, after sowing, the seeds are lightly covered by harrowing or by flat rolling 
across the ribs. This method of sowing grass seeds is commendable. 

Regarding the use of the roller in connection with the drilling of root crops, it is 
customary in some districts to run the flat roller over the ridges or drill rows im¬ 
mediately or very shortly after drilling. This is, however, more common in the drier 
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parts than in the districts with heavy rainfall; ar >d it is considered more necessary 
for mangel than for swedes. There are certain defects in this method. The roller 
not only consolidates the soil in the region of the seed where moisture is required, 
but it solidifies the whole ridge, or the space between the rows in a crop sown on the 
flat. This not only encourages the germination of the weeds as well as the crop, 
but also entails loss of moisture from the date of sowing until the crop is side-hoed. 

5. Clod-crushing. —The ordinary flat and Cambridge rollers can be used to 
good effect in crushing lumps, either to refine the soil for sowing or to liberate the 
weeds that the harrows cannot otherwise reach. Harrows and disc harrows often 
work better when the clods are somewhat fixed in the soil by a passage of the roller. 
Under certain conditions, however, these types of the implement do not produce the 
desired result: if the clods are too hard and too numerous, the,roller ridtss upon 
them witho*ut causing them to break down ; and, if the clods lie in a soil that will 
allow them to sink down under tfie roller, they will likewise escape the desired crushing 
effect. The clods may sink in, either because the Jmlk of the soil is soft and loose, 
or because the subsoil is soft and moist: in the latter case rolling would have injurious 
effects, and a “ rubber ” should be tried. Farmers naturally dislike to force a tilth 
by the use of such implements as the spiked roller or Norwegian harrow ; but in 
certain seasons this type is undoubtedly of great service. 

('HOICK OF A ROLLER 

Tfiere are certain considerations that apply to rollers of all kinds, and may 
be discussed first: weight, length, and diameter. These three considerations are 
closely related. The farmer is usually recommended to purchase a roller of hyge 
diameter, because of its relatively’easy draught. A Ifigh wheel with broad tyre 
requites less draught on soft land than a small wheel with narrow tyre, because it 
docs' not sink in so deeply : there is no such advantage on hard ground. Now if the 
roller were merely a vehicle for transport over soft ground, then the larger its diameter 
the better, because it would sink*the less into the ground. But as the effect of this 
implement depeitls chiefly on its power to sink in, or to lower the surface of the 
field, which amounts to the sam"? there are advantages in the small diameter. The 
smaller the diameter, the deeper the cylinder sinks and the more it consolidates the 
soil. t 

The draught of the roller of small diameter is greater because, creating a greater 
depression, it has to mount, as it were, a steeper bank : the draught is proportional 
to the steepness of this bank ; and, assuming the implement has satisfactory bearings, 
the actual amount of work Hone by the cylinder is proportional to the draught 
occasioned. In clod-crushing # the roller of small diameter is the more effective 
because, sinking deeper, it presents a greater part of its circumference to the clods 
and acts on them through a greater distance. 

The disadvantages of the small diameter are these :—(1) On soft or loose soil it 
has a tendency to push the bank forward, which would tear up plants when rolling 
young corn; (2) as the cylinder has to revolve at a more fapid rate, the bearings 

6 



82 FARM IMPLEMENTS AND MACHINERY 

wear out sooner ; (3) it is not so easily«turned at the headlands. The medium would 
appear to be a diameter of about 18-24 inches for the ordinary flat roller, and about 
15-18 inches for the segment or Cambridge. The weight per foot of length should 

vary according to the class of work the roller 
is expected to perform and the nature of the 
land on which it has to operate. 

At one time water-ballast rollers were 
advocated, not only because they could 
be varied in weight to suit.the work in 
hand—, an admitted advantage — but also 
because, it was argued, weight in the cylin¬ 
der itself did not increase draught in the 
same way as weight 'loaded upon the frame 
of the implement. The latter is a iniscon- 
t ception. The draught of a roller on soft 
Fiu. 75.—Holler Bkm-kfJ and Bearing. g roun( J j s chiefly due to the total weight 

of the implement having to be lifted up the 
bank created by depressing the, soil. The draught is ultimately applied at the 
axles, and it is immaterial whether the weight is imposed above the axle, as in 
the case of loading the frame with bags of so t il, or suspended under the axle, 




Fig. 70.— Segment Roller with Swing Frame. [XichoUon.] 


as in the case of the water-laden cylinder. In loading the frame^ with dogs or 
bags of soil, however, it ia necessary to bear in mind the effect of placing the 
weight in different positions with reference to the axle. Tim effect and draught 
can be considerably increased by loading the roller behind the axle. 

Owing to the great pressure between the axle and the bearings, lubrication at this 
point is very important, and the lubricant used must be a thick oil or grease: good 
modem rollers have self-acting grease boxes. The bearings are the chief wearing 
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parts of a roller, and should be renewable. Hardwood “ boxes ” are used to a limited 
extent and have a number of advantages over metal bushes : they can be cheaply 
replaced locally, and they compare not unfavourably with metal in resisting the action 
of grit. As regards draught, it is the same for wood as for metal, provided that the 
bearings are properly lubricated. 

The roller is not well adapted for pole harness, owing to the down-thrust on the 
pole during work and the difficulty of turning at the ends of the field. Shafts should 
therefore be used ; but in order that a second horse may be attached when necessary, 
heavy rollers should have the shafts movable al<jng the frame. 

For work in flat country the swing frame, with or withoift fore-carriage, is com¬ 
mendable, as it allojvs of the implement being turned without chafing the shoulders 
of the horse. With tho simple draught frame, moreover, there is’no down-thrust, 
the team being attached to draw directly from the spindle. This style of frame is 
adaptable to tractor draught; and a set of three canffie' made up to utilise more of 
the power of the tractor, taking a wide breadth of work without creating difficulty 
in turning or transport. In hilly country, however, shafts in the case of the horse- 
drawn roller or a tongue in the case of the tractor implement are necessary. Rolling 
by tractor power should, wherever possible, be combined with some other operation, 
such as harrowing. 

TYPES OF ROLLER 

t 

Fiat Rollers.— These are variously known as smooth, flat, and land rollers. 
Where a farmer possesses only one roller it is usually a flat one, and he uses it for 
both consolidation and clod-crushing. Where both this and the Cambridge pattern 
are available, the former is used fo* smoothing land in preparation for the drill or 
the reaper and for work on grace-land. The ordinary weight is about 10 cwts. ; but 
spec'ally heavy patterns are made for work on meadows : the J-ton roller has very 
little effect on grass-land unless rather moist. Water-ballast rollers are modifications 
of the flat type. 

Flat rollers a$e made oh various materials. Wooden cylinders are often used 
in garden work and to some extent in field practice. Stone cylinders have still their 
adherents, owing to their great effect as clod crushers. The factory article, however, 
is made of J-inch plate—either steel or wrought in«t, or of cast iron. The latter 
material is cheapef, and is adopted for small cylinders of ordinary-weight or for 
heavy cylinders of ordinary diameters. Cast iron is brittle and therefore unsuitable 
for use in a roller that has to pass over hard roads—unless the cylinder be small and 
thick. In order to facilitate fuming and to avoid tearing up the crop in the process, 
the cylinder is’made in two, or less commonly in three or more, sections : one section 
is keyed to the spindle, while the other is free to rotate independently. Segment 
rollers are made up of cast-iron rings each 6 inches wide. They are preferred for 
ordinary purposes in some districts; elsewhere they are adopted when a small 
diameter and heavy weight must go together. A heavy roller of small diameter is 
difficult to turn if made in only two sections. r 

With regard to the width of the roller, i.e length of cylinder to adopt, there are 
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two or three considerations. In the first place, the flat roller is often pulled by one 
horse, and the width must not be such as to give too great a weight, especially in hilly 
country : the width must therefore bear some relation to the weight per foot. Rolling 
is an operation that can be rapidly executed, hence on other than large farms there is 
no great economic advantage in having the widest possible roller at the extra cost. 
A width of 7 feet is a useful size and more suitable for work on root ridges than one 
of 5 feet: the latter runs very heavily on the two middle drills, whereas a 7-inch 
roller spreads its weight over four—two and two halves in ridges of average width. 

The draught of the flat roller natvrally varies acfcording to the softness and rough¬ 
ness of the surface to be'rolled. As approximate figures, draughts of 14 lbs. find 20 lbs. 
per cwt. of weight may be taken as applicable to grass and arable land respectively. 
Gradient adds to” the draught in proportion to the steepness of the hill.' If a roller 
of 10 cwts. has a draught of 200 lbs. on the level, Its draught will be 256 lbs. on a 
gradient of 1 in 20. * 

The following table indicates average British practice in the construction of flat 
rollers and gives an idea of the force required to pull different sizes on the level. It is 
necessary to point out, however, that there is considerable variation in the weight 
per foot of cylinder indifferent makes, the lightest being about 100 lbs. per foot 
and the heaviest 200 lbs. per foot in rollers of the samp diameter, viz. 20 inches. As 
the effectiveness of the implement depends largely on the weight per foot, 
it is important that the purchaser shquld ascertain these particulars : a 7 feet, 20 
inches roller may be 7 cwts. or 12 cwts., or any intermediate weight. In the absence 
of results of accurate tests on the draught with different diameters, no difference is 
shown in the table. 


1 

Dia¬ 
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Cambridge Rollers. —The ring or Cambridge roller is an effective clod crusher, 
the projecting rims cracking the clods where the flat roller is apt merely to press 
them down. The-ribbed surface left by. this type of roller is less apt to run together 
and cake than that left by the flat cylinder. Its use for sowing grass seeds has already 
been mentioned The ring roller is also a favourite implement with which to counter- 



Fio. 77.— Cambridge Roller [Ogle.] 


act wireworm. It is usually made heavier than the smooth roller, and, as its draught 
is about 30 lbs. per cwt. of weight, it is a two-, or sometimes three-horse implement. 

The following table indicates typical sizes, weights, and horse-power requirements 
of British rollers of the Cambridge pattern 


Diameter. 

Width. 

Weight 
per Foot. 

• 

Total 

.Weight. 

• 

• 

Approx. ( 
Draught. 

B 

H.P. 
required 
at 2 m.p.h. 

Work per Day. 

Area. 

Horses. 

Inches. 

Feet. 

Lbs. 

, Cwts. 

Lbs. 


Acres. 


i 


mm 

9| 

290 

1-5 

12 

2 

1C 

7 


HI 

330 . 

' .1-7 

14 

2 

l 

8* 

mm 

12f 

380 

2-0 . 

15 

2 

[ 

6 

Bfl 

11| 

350 

1-9 

12 

2 

20 | 

7 

220 

131 

410 

2-2 

12 

2 

\ 

8 


15f 

mm 

2-5 

15 

3 

24 

• 7 

280 

• 

171 

a 

2-8 

14 

3 


The Cambridge roller segments or rings are invariably made of cast iron, each 
ring being free to turn independently on the spindle. A certain amount of play is 
desirable to assist the rings to clear themselves of soil. Generally the rings are 3 
inches wide, but 2-inch lings are also made. 
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Crosskill Rollers. —The usefulness of the toothed roller was known many 
years before Mr Crosskill of Beverley introduced the pattern that gave his name to 
this type of implement. Marshall, in a Minute dated 11th April J776, records that 
“ one effectual crush with the plain roller is worth a dozen partial indentures by a 
spiky one ; but where the clods bear a heavy plain one, the spiky roller is worth its 
weight in gold.” In July 1777, referring to the effect t>f the spiky roller used in 
reducing a very cloddy field to a barley tilth during dry weather in’ May 1775, he 
observes : “ This field has not yet forgot this spring fallow and spiky rolling. The 
stiff-land farmer without a spiky roller is much to be pitied.” Marshall’s implement 
was a wooden cylinder into which steel teeth were fixed. 

Tift; original t Crosskill, patented in 1841, consisted of a number of cast-iron discs 
with serrated edges and sideway projecting teeth strung loosely on an'axlc. After 



Fig. 78. —Combined Cambridge Roller and Clod ("rusher. [ T . Corbett.] 

t 

the expiration of the patent rights on the Crosskill pattern, improved varieties were 
introduced in which every alternate disc was larger than its fellow. The smaller 
discs had a large hole through which the spindle passed'which permitted all the discs 
to rest on the ground but caused the two sizes to stand up to different heights. The 
object of this was to render tl>e roller self-cleaning, the larger discs rising above the 
smaller ones as the roller rdvoir ed pushed off any adhering soil. The different speeds 
at which the two sizes of disc revolved also increased the pulverising effect of the 
implement. , 

The modern clod crusher is a combination of the Cambridge and the improved 
Crosskill. Ordinary plain rings and rings with notfthcd edges alternate, <and the 
latter are both larger in diameter and have the larger axle-hole. By giving the play 
to the larger disc the roller is enabled to follow inequalities in the surface of the land 
as well as keep itself free from clots of soil. For travelling on metalled roads the 
spindle may admit of the attachment of wheels, these being fitted after digging a 
hole under each end. Generally this type of roller is made of heavier weight per foot 
than the Cambridge pattern, Corbett’s 24-inch size, for instance, having a weight of 
about 400 lbs. per foot. These rollers are required only oil stiff clay soils, and they 
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generally require three horses. They perform very good work in crushing clods and 
in resetting corn thrown out by frost. 

Rtdue Roller.— This consists of- a number of notched discs of different sizes 



Fkj. 79. — 11 idgk Roller. Weight G 4 owts. [T, Corbett.] 


revolving freely on an axle. It is necessary to couple twi) units together in the one 
implement in order that it may follow a horse walking between two ridges, unless 
the roller be made spindle-shaped so that it may run down the furrow. The two- 
ridgo. roller automatically adapts itself to drills of different width. It functions 
chiefly as a clod crusher and fo» breaking the crust that fqrn^s on the surface of ridges 



Fie. 80.—Fmqfow Fkbssek attached to puin.n, [ Cooke. j 

made in strong soil, when this has been worked dowr. rather fine and heavy rain 
follows the ridging, 

Land Presses. The furrow press is little seen outside the drier districts, where 
corn sown broadcast on the lea furrow would suffer from drought owing to the hollow 
space under the furrow. The effect of running a cart wheel, for instance, down the 
bottom of the seam is to break down the parts of the adjoining furrows that bridge 
the cavity and to make a solid bed for the reception of the seed. Heavy rolling may 












88 


FARM IMPLEMENTS AND MACHINERY 
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crush the furrow down and secure the requisite firmness, but it consolidates the whole 
of the land at the same time. 

A small press-wheel may be attached to-an ordinary single-furrow plough in 
such a way that it runs in the seam between the last pair of furrow slices; the common 



Fio. 81 .—Tivo-whkkt.f.T). Land Fastis. \ NichoUon .] 

land press, however, consists of two 05 more heavy wheels adjustably fixed on a 
spindle mounted in a roller frame. The press-wheels are about a yard in diarbeter 
and have a rim bluntly wedge-shaped ; and they may be fixed at different distances 
apart to adapt the press to various widths of ploughing. The horse walks down the 
last furrow, the presses run* on the ploughed land, and a travelling wheel supports 
' the land side of the implement. To save turning the press round at the headlands 
the shafts may be fitted with a turn-table. The weight is about ft cwts. per wheel. 




CHAPTER VI11 

MANURE DISTRIBUTORS 

LIQUID MANURE 

It lias been shown that about throe-quarters «f the lflaiiurial value of concentrated 
foods is found in the liquid excrements. The urine contains the active and soluble 
fertilising constituents, especially the nitrogen and potash, while the dung contains 
the indigestible, insoluble, and slow-acting matters. The proper conservation and 
application of the liquid 
manure made on the farm 
must be regarded as an 
essential feature of good 
management. 

On farms with covered 
feeding - yards and large 
quantities of strtrw, there 
may he no difficulty in ab¬ 
sorbing most of the 1 liquid 
excrements of cattle. On 
dairy farms, however, 
special provision«has to be«* 
made to collect and utilise 
the urine. The best ar¬ 
rangement is to have direct 
drainage from the fiyre to a 
tank. The grip or channel Fm. 82 .—I.iqciu Manure Cart fitted with Pump. \ Teasdale .\ 
behind the cattle should 

slope gintly towards the real* curb, along which the liquid manure should flow to a 
trap drain outside the shed, and thence to a-collecting tajrk. A settling pit may with 
advantage be placed between file shed and the tank ; and the tank itself should be 
watertight and as fn*r as practicable airtight. No overflow pipe should be fitted. 

Liquid manure when properly used gives excellent results on hay land, both 
meadow and “ seeds.' 1 If applied to the same meadow year after year and nothing 
to balance the dressing be given, it will produce the familiar result of a coarse “ sour ” 
herbage; an occasional dressing of basic slag is all that is required to counteract 

80 
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this. A th.ousand gallons of liquid manure roughly corresponds to an application 
of 1 cwt. of sulphate of ammonia and 3 cwts. of kainit. Such a dressing may be 
applied to meadow or seeds at any time from October to April, aqd generally there 
is no need to dilute it with water. The need for dilution occurs when the liquid is 
strong—the smell is a good guide- and it is about to be applied to ft growing crop 
in dry weather. For mangel and cabbage it may be sown down the drills before 

splitting, but if to be applied after the seed or 
plants are in the ground, it is usually necessary 
to dilute it with two or three times its bulk of 
water. Liquid manure is an excellent top dressing 
for forcing-on an early cut of sye or rye grass for 
soiling before grass day : for "this purpose* a February 
application is good, if the land will carry the cart. 


Liquid Manure Pumps 

(1) Chain Pump .—The chain and disc type is 
widely used and has its merits in being simple, 
frost proof, able to .pump thick fluid, and not 
expensive to set up. The drawbacks are that the 
discs wqpr rather quickly, and when they do not 
fit well to the sides of the pipe the effect it? poor 
and the operation ttoth slow and laborious. The 
discs should be made of chilled cast iron, and there 
should be a cover to prevent splashing. 

(2) Plunger Pump.—This type is common on 
the Continent, where it is known as the Fituler 
force pump. In Britain the type is represented 
by the “ Simplex.” The plunger works in a 
separate barrel which Mxs no valles or packings. 
There are two weighted hemispherical valves, one 
at the foot of the main pipe and another above 
&• to prevent the liquid from falling back when 
the plunger is lifted. These have wide ports and 

are not liable to choke. The pump can be emptied as a precaution against frost 
by pulling a wire. 

(3) Semi-Rotary Pump .—The semi-rotary double-aseting force pump is popular 

for pumping water, being, compact, effective, and convenient to operate. For 
pumping liquid manure the ordinary flap valves are substituted with cast- 
iron balls. ' ' 

(4) The Diaphragm Ptmp.— This class of pump has a rubber or chrome leather 
diaphragm in place of the familiar barrel and piston. The suction is produced by 
deflecting the membrane upwards, which at the same time opens the large inlet port; 
and the liquid escapes through a large port in the centre of the membrane when the 
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latter is deflected downwards. The diaphragm or membrane is fastened by the rim 
between the upper and lower halves of the casing. 



Fig. 84.—“ SiMrr.KX ” Pomp. [ Bon - Arcord .] 


T.he advantage of the diaphragm pump Ties in the absence of friction surfaces : 
there is no place where grit may wedge as between the piston and barrel of a common 
pump. The diaphragm can be quickly and cheaply renewed when worn. 
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Liquid Manube Cabts 

Wood is very unsuitable material for the barrel of a liquid cart. It rots quickly, 
but owing to the long period in the dry weather when the cart is not in use the staves 



Fro. 87. —Interior ok Skjii-Rotary Pump 
with Ball Valves. [ Wilcox. \ 


• Fio. 88 .—Diaphragm Pump. 
[Duke <fc Ockenden.} 


are apt to shrink and the baVrel leaks badly when next required. Steel or iron plate 
knecessary. The axle should pass right across the b&ttom of the vessel. *• 

A valve with which to regulate the rate of delivery when distributing is essential: 

and tHEs is best placed over the open¬ 
ing into the delivery pipe in the centre 
of the cart* «bottom. ‘As regards the 
distributing device, a simple trough 
with a continuous opening about I inch 
wide is better than a series of holes 
or perforated plate, as these are apt 
to be blocked with sediment, straw, 
etc. A simple flat sheet of iron sus¬ 
pended inhnediately under the 1 valve 
gives fairly effective distribution, but 
probably the best of all is a revolving 
distributor, which spreads the liquid 
over a wider area. With most liquid manure distributors, there is difficulty in 
securing uniform delivery. When the barrel or tank is full, the liquid runs out 
under considerable pressure and spreads over a good width. But towards the end, 
the flow is less rapid and a narrower width is covered. 



Fio. 89.— Illustrating Principle op Dando 
Diaphragm Pomt. 
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FARMYARD MANURE 
Application op Yard Manure 

Where maeure is made in yards under the feet of cattle, it is commonly left un¬ 
disturbed all spring and spread on lea stubbles in August before ploughing for wheat 
or on clean corn stubbles before ploughing for mangel. This practice is typical of 
arable farming in the counties along the eastern side of Britain. In the east of 
Scotland, clean oat stubbles are 'manured in autumn before ploughing for potatoes. 
Where manure is made chiefly in byres and middens, however, 
which is typical of dairy-farming and of the more grassy 
western and midland counties, it is applied to the meadow 
land as it is produced during* the winter, and to the arable 
land in the drill rows for roots and potatoes in the spring. 

Very little*manure is carried over the summer.* Part of the 
winter production may be carted out and either spread on the 
back of the furrow or stacked up ready to be applied in the 
drill after the land has been cleaned; but autumn or stubble 
manuring is exceptional in dairying practice. 

In the application of yard manure to meadows and to the 
face of arable land, the common practice is. to divide each cart 
load into about six heaps at varying distances apart according 
to the quantity being applied »per acre. These heaps are later 
spread with hand forks. When manuring in the ridge, the 
manure is either raked out at the back of the cart into heaps 
mi the ridges, or preferably dt is thrown out in forkfuls at 
carefully regulated Intervals as the cart passes alcjng the drill 
rows. In either case the nianun,* has to be further spread along 
the rows by hand labour. 

Pt.oper Distribution 

Fig. 90. — Diaphragm 

With solid, as with liquid and artificial manutes, .uniform w ^ IQtUD 

distribution is desirable under all conditions. On grass-land, a 1 ' Nl!KE ' '™ x * 
large clot of dung destroys the herbage underneath and stimulates a ring of coarse 
rank growth round about it: the clot itself may get raked up with the hay. On 
arable Jand uneven spreading causes uneven growth and ripening, and may cause 
difficulty in ploughing and working the seed-bed. In either case, if the dressing 
be applied too heavily on one side or end of the field the other will have to go 
short, which may affect the* field for two or three years. 

The proper distribution of yard manure requires ■:— 

(i.) That the total quantity apportioned to the field or break shall be uniformly 
applied at the intended rate and not by guess work. , 

(ii.) That the manqre shall not be allowed to lie long on the land in heaps or 
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lumps, otherwise the ground near the'lieaps will receive an undue proportion of the 
soluble ingredients—nitrogen and potash. 

(iii.) That each heap be thoroughly distributed over the whole area which it is 
intended to cover. 


(iv.) That the manure, if applied to arable land in warm weather, be ploughed 
under as soon as possible after spreading. 

The second and last of the above requirements cannot always be met in practice. 
Frequently the carting out has to be done, without immediate regard to the spread¬ 
ing, while the teams and men are available or while the condition of the roads, gate¬ 
ways, and land permits* The spreading can be done when weather interferes with 
weed-kijling operations, or by odd men who are not in charge of teams, or at times 
when carting is impossible. For these and other reasons the farmer does not regard 



Fiq. 91. — Centrifugal Liquid Distributor 
ATTACHED TO CaRT AND DRIVEN BY FRICTION 
Roller, [ llankin .] 


the operations of carting out and of 
spreading manure as necessarily closely 
related. It is to some extent on this 
account that he is not attracted by 
machines in which the two operations 
are combined. 

The first, and to some extent the 
third, *of the above requirements are 
well met by the Lothian practice of 
marking the land out in squares before 
carting ont the manure. A man and a 
horse with a plough can in about three 
or four hours mark out a 10-acre field 
in squares 6 yards each way, the, lines 


u serving the double purpose of regulating 

the application of manure and indicating the position of the ridges and furrows in 
setting out the work for ploughing. The cost is abqut 6d. per acre, which is trifling, 
having regard to the fact that it is to govern the propcf application of a dressing 
worth £10 or so per acre. If the squares are 6 yards a side, each is 36 square yards or 
T J-fth part of an acre. Hence if the dressing is 20 loads per acre, each load must 
be divided into about 7 heaps, <ffie heap to each square. If 30 loads per acre, a load 
is divided into 4| heaps. When spreading, the marks show exa'ctly how far each 
heap must cover, but the ridge marks should not be manured : this is because two 
furrows and their dressings are brought together in settihg the ridge. 


- Mechanical Spreading 

* Machines for spreading yard manure have been on themarket for many years, and 
in the matter of fineness and regularity of distribution they are superior to hand 
labour. They will deal with manure of all kinds. In America they find wide applica¬ 
tion and are regarded a§ a necessary part of farm equipment. In this country, on 
the contrary, it cannot be said that the average farmer is \ery much interested in 
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them. He has no justifiable criticism against «the quality of their work, and it has 
frequently been demonstrated that a spreader can distribute a ton of manure in about 
a tenth of the time'that it is dealt with by hand labour. The real reason for his not 
adopting the spreader lies in the fact thpt it does not fit in well with ordinary British 
farm practice. 

The grass farmer manures his meadows at various times during the winter, his 
men filling in odd days at spreading when there is no carting to be done or when 
carting is impracticable : the need for a mechanical spreader is not very keenly 
felt. It might be argued on good grounds that the manure ought to be thrown into 
the spreader as it comes from the byre* and immediately led <mt on to the land : this 
would save the manure from loss through washing in the yard, and it would prevent 
the accumulation of a heap of manure, which is not a desirable object about the 
premises where milk is produced. 

The typical arable farpier is not slow to adopt labour-saving machinery ; but 
he does not appreciate the spreader, which combines the operations of carting and 
spreading the load. If he had to clear his crew-yards with a spreader wagon, it would 
take too long ; and he is naturally not inclined to invest in such a number as would 
enable him to do all his manure carting with them. The reallyjieavy work in handling 
manure on the arable farm is that of getting it out of the yards. When a satisfactory 
machine for filling the carts has been brought out, so that the clearing of the yards 
can be accelerated, there may be a demand for a machine to speed up the work of 
spreading the manure. 


Construction and Types 

The essential parts of a maqjire spreader are : (1) a box to receive the manure ; 
(2) mechanism for conveying the manure to the beaters ; (3) the beaters—the revolv¬ 
ing spiked drum that tears the manure into shreds antfthrows it out on to the grqund 
behind the machine ; (4) road whe'els to carry the machine over the ground and drive 
the moving parts ^ (5) meehapism for driving the drum and conveyer, and if necessary 
for driving these at differeut*rates for the application of different quantities of manure 
during the same length of travel. 

Allan’s Patent Dung Spreader .—This machine has Jieen on the market since 
about 1904, and has found favour in potato-growing districts, ^both in England and 
Scotland, where the manure is applied in the ridges at planting time. It is 
appreciated in South Lancashire and in Cheshire. 

The machine is attache^ by means of a bracket alongside a cart loaded 
with manure, .and the man in charge of. the cart forks the manure into the 
hopper of the machine, which spreads it one drill at a time as it is pulled along 
with the cart. It is convenient to take one drill up and another down, having” 
a midden at each end of .the field if the field is long enough. A chain horse 
may be required. 

The hopper has a travelling web at the bottom which copveys the manure to a 
revolving spiked drum. The drum breaks up the manure and throws it against a 
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grating fixed above, through which the fine piepes pass out while the coarse material 
falls back to be further disintegrated. The machine has two road wheels, one of which 
runs down the furrow and the other on the top of the drill. 

Rix’s “Norfolk” Manure Distributor.—i This is a larger machine for broad¬ 
casting, but, like the above, it works in conjunction with a cajt from which 
it is fed as it is drawn over the ground. The hopper is larger, and is filled before 
starting and kept fed by a man as the cart proceeds. Machines of this type 
are probably more adapted to British conditions than the wagon type, since the 



Fio. 92 .—Dcno Spreader. [If. A . Hfoorf.] 


spreader can remain in the .field, while each cart as it brings its load can be 
attached to the spreader and have its load distributed. As one machine can keep 
three carts going, of four if the distance from the yard is greater, it does not 
materially delay the work of clearing the yards to spread the manure as it arrives 
in the field. On softer ground a chain horse is require^. 

Wood’s “ Fearless ” Manure Spreader. — This machine has also an* endless 
travelling apron, but its beater is designed to throw the manure over a track 
wider than the road wheels, a special point in its .favour dor tractor haulage. 
The wagon holds about 3 cubic yards of manure, pver 2 tons, and the dis¬ 
tributing mechanism is efficient. Its draught is too heavy for horses on soft 
ground, a statement that applies to all other distributors of similar capacity. 
Like other good machines of the wagon type, the sides are low to facilitate load- 
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ing. The time necessary to spread a load with this machine depends on the rate 
of application and the speed of the tractor. A heavy dressing can be spread with a 
short travelling distance; but a ten-tons-per-acre dressing occupies about 7 minutes 
per load. This type of spreader may Ije recommended for the farmer who carts out 
his manure every day : the manure can be thrown into the spreader instead of into 
a midden, and thus the labour of a second handling is saved. Modern cowsheds, in 
which the arrangement of the standings and doors allows of a spreader being backed 
into the shed for cleaning, lend themselves to labour saving on these lines. The 
same applies to the use of overhead manure carriers. 


ARTIFICIAL MANURES 
Crushing Mtll» 

4 

No machine can distribute fertiliser uniformly unless it is in fine condition. Lumps 
of soluble matter not only fail to assist the crop but may even injure it: even an over¬ 
dose of fine manure in one place may check germination. Certain fertilisers -nitrate 
of soda, sulphate of ammonia, and especially kainit—are apt to set in hard lumps and 
to confer this property on mixtures of which they are components. Most manures 
will, however, lose condition if left in bags on an earth floor. The difficulty of keeping 
home-made mixtures in sowable condition until the time of sowing leads many farmers 
to prefer “ compounds,” which are generally in good condition. Mixtures containing 
organic matter, such as dried blood or bone flour, are less apt to cake than purely 
mineral salts. However, if mixtures be allowed to set, then be broken up and ground 
with a manure mill, they will keep well. 

M&nure mills are not used on farms in this country : the sand screen and the 
back of a spade arc the ordinarv tools for preparing*fertilisers; and in many cases 
the state of the dressing leaves much to be desired. Manure mills resemble‘cake 
breakers, except that the lower pair of toothed rollers are replaced by a pair of smooth 
cylinders for crushing crystals into powder. 


Distributors 

The perfect fertiliser distributor would be capable of distributing any of the 
common fertilisers with complete uniformity whether the dressing be light or heavy ; 
it would sow superphosphate when in the somewhat sticky condition sometimes 
met with ; it would not be liable to injury through omission to clean out the working 
parts after use, but it would hi; very easy to clean; and the working parts would 
wear a long time without giving trouble or requiring repairs. These are some of the 
problems which account fop the many different types on the market. There is no 
special difficulty in arranging for the machine to deliver near the ground, arranging 
shoots to allow the fertiliser to fall in drill rows, or in fitting wind and rain boards. 
What is required is an efficient and durable but simple machine at a moderate price : 

7 
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the perfect machine has not yet been produced. The chief types are described 
below:— 

Types of Distributor ■ 

a 

1. Propeller or Agitator Feed .—In machines of this type, which are adaptations 
of the clover-seed barrow, the fertiliser is caused to fall through holes of variable 
size in the bottom of the hopper by the movement of an agitator over each hole. 
This is usually a disc with its edges bent to give a propelling action, which sweeps 
the powder through the aperture underneath. The discs are arranged on a shaft 
passing through the hopper near the bottom. For simplicity and cheapness this class 
of machine stands first, and for sowing basic slag, ground lime, and other dry powders 
nothing better is'needed. Its drawback is the fact that the working parts are moving 



Kiu. 83 .—-Distributor with Roller Feed. | Knapp .} 


inside the hopper, which causes certain fertilisers and mixtures to form a paste. 
Damp superphosphate or a mixture of super and kainit that has stood some time is 
not sown well by this class of distributor. 

2. Roller Feed. -The bottom of the hopper is closed by a roller, which as it revolves 
in a sense opposite to that of the road wheels carries a film of fertiliser round on its 
surface and out under a shutter in the hinder wall of the box : a scraper cleans off 
the film. The rate of delivery is regulated by the width of the slit, which can be 
varied by raising or lowering the sliding shutter. Inside the hopper a slowly 
moving agitator prevents the fertiliser from bridging. , 

Roller-feed machines will sow small quantities with greater regularity than the 
preceding class; and the agitator, moving very slowly, is not so ljkely to churn 
damp manures into a paste. t 

The roller feed is sometimes adopted in combinatipn withjthe Westfalia chain. 
In the “ Eclipse ” the fertiliser is brushed off the roller as it emerges from the hopper 
by means of a reciprocating finger-bar, which attains the same end as the Westfalia 
chain. In the “ Agra ” distributor the roller is fluted and the rate of delivery is 
regulated by the use of change pinions. The scrapers are fitted with springs to enable 
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them to follow the fluted surface, and the manure falls from the roller through a 
serrated plate. 

3. Westfalia Machines .—The characteristic of machines of this type is an endless 
chain with projecting fingers. As the chain travels across the bottom of the hopper 
the fingers, which project through the opening into the box, sweep a film of manure 
out and on to the ground. By 
means of change - wheels very 
small or large dressings can be 
applied with regularity of de-‘ 
livery, and the condition of the 
fertiliser does not affect the dis¬ 
tribution so much as in- the pre¬ 
ceding types. The drawbacks fo 
the chain are that it is*subject 
to wear, which lengthens it; the 
constant movement of the chain 
from left to right works the 
manure towards the right-hand side of the hopper, so that unless corrected by the 
operator, a heavier dressing may be sown at one side than the other; and in sowing 
lumpy manures, the lumps are carried towards the end of the drill. 

4. External Finger-Wheel Delivery.—Three machines are properly placed in this 
class, viz. Jack’s “ Imperial,” Teasdale Bros.’ “ Teasdale,” and Smyth’s distributor ; 
while Coultas’s distributor, though differing somewhat in principle, is included in this 
group for convenience. 

In Jack's machine the manure is swept from a ledge at the back of the hopj5er 
bv rne#ns of detachable rotating finger-wheels placed at intervals and resting on this 
ledge. Inside the hopper the manure is kept moving downwards towards the opening 
into which the projections of the ^.tars protrude by means of a slowly reciprocating 
finger-bar. 

In Teasdale's »machine the manure is cast over the lip of the ledge by the 
rotation of a horizontal spiked drum; inside the hopper there is a reciprocating 
serrated plate which causes the fertiliser to move down towards the drum. 
The rate of delivery is governed by the use of slides, between the body of the 
hopper and the hinder part in which the delivery drum works, the hopper 
being adjustable for uphill and downhill sowing. Both machines are very 
efficient in dealing with all kinds and quantities up to about 20 cwts. per acre. 
Both require proper attention, especially to keep the reciprocating agitator from 
sticking: it must not be allowed to corrode and thicken with superphosphate or 
other acid manure. 

In Coultas’s distributor (Schlor’s patent) the distributing spindle is placed over 
the top of the manure, which it throws over the lip of the hopper. The rate of 
delivery is governed by that at which the bottom rises towards the spindle, the spindle 
and the bottom of the hopper working in unison. When the hopper is empty, the 
bottom is dropped to its lowest position for another load. This machine will sow 



Fig. 94. —Westfalia Type of Distributor. 
[ Harrison , Medregor . | 
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very small quantities, but ordinarily not more than 10 cwts. per acre. It has no 
agitator working among the manure. 

5. Centrifugal Delivery Machines .—These machines differ from the other four 
groups in having a tub-shaped instead*of a long box hopper, and in distributing the 
manure by means of two horizontal rotating discs, on to which it falls from two spouts 
attached to the bottom of the hopper. Tnside the hopper the manure is agitated and 
caused to fall down the spouts by the rotation of the bottom itself or of two pairs 
of finger-wheels. 

There are many farmers, especially^ north countrymen, who prefer this to the long 
box types of distributors. When properly operated and gitfen fairly calm weather 



Fiu. 97.— Combined Hidger and Distkibctok. [ Wallace , Glasgow .] 

for the work, the discs distribute the manure more uniformly than is possible by other 
means ; the feed is more certain, as the fertiliser passes in considerable volume down 
two large openings instead of being dealt with by many small units, and the fertiliser 
is not sown in lines. The discs may be removed, so that witlwut having to fix drill 
boxes, the machine can be used to sow down the bottom of root and potato drills; 
and it can similarly be used to dust insecticides or manurial top-dressings on or along 
crops growing in drill rows, ff'he highest awards in the R.A.S.E. trials at Newcastle 
in 1908 went to centrifugal machines, viz. Wallace’s (Castle Douglas) “ Universal ” 
and Jack’s “ Empire.” 

The operation of the disc distributor calls for some skill in order to apply the correct 
quantity with different kiifds of manure. Granular salts such as nitrate of soda 
are thrown farther than powders such as superphosphate; the speed of the horse 
affects the width the machine covers at a cast; and the lie of the discs must be adapted 
to suit the height of the horse, etc., as they throw the dressing wider when casting 
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upwards than when casting towards the ground. These machines may be used as 
seed broadcasters. 

The combined drill-ridger and manure-distributor is a machine of the tub-hopper 
type to which two ridging bodies are attached in front of the manure spouts. 

General Care and Operation of Distributors 

There is great difference in the rate at which different manures are sown by the 
same drill with the same setting, and the figures oh the index plate or in the maker’s 
chart can only be takeh as approximations. The operator should therefore regulate 
the rate of sowing by observing the area sown with a known quantity of the particular 
manure in the hopper, in the manner more fully explained irr the section <fti corn drills. 
As an indication of the weight per bushel, the following figures may be useful:—Basic 
slag, 150 lbs.; nitrate of soda, ground mineral phosphates' 100 lbs.; kainit, sulphate 
of potash, 90 lbs.; sulphate of ammonia, superphosphate, bone flour” muriate of 
potash, ground lime, 80 lbs.; organic manures, about 60 lbs. 

Basic slag is better sown separately than mixed with other manures, as it tends to 
run through the drill farter than the rest; if a mixture of slag and kainit is to be sown, 
the mixture should be made up a few days in advance, so that the slag can absorb 
moisture and lose its dusty nature : it then sows'along with the kainit. 

When sowing supers or mixtures containing super, the possibility of the manure 
bridging in the hopper must be borne in mind and watched for. The hopper should 
not be filled until arrival at the field. ' 

Before putting the machine away for any length of time, it should be thoroughly 
cleaned, washed out with plenty of water, and, after drying, the distributing mechan¬ 
ism that comes in contact with the manure should bfe dusted with ground lime or fine 
ashes. It is essential that such precautions as these be taken to prevent corrosion of 
the parts and to keep the machine in good working order for a long time. Lubrication 
during work needs only to be mentioned. 



CHAPTER IX 

SEED-SOWING MACHINES 

CORN DRILLS 

Uniform Sowing.— The utility of a drill depends partly on its capacity to distribute 
the seed uniformly over tile whole area sown. Uniform seeding is, in the case of corn 
crops, essential to regular growth and regular ripening. Moreover, if the quantity 
of seed is correctly planned, uniform seeding conduces towards a good clean crop. 
Tf the seed is put on thickly in some places and thinly in others, it may ripen pre¬ 
maturely in the one, while the other is still green. The thicloplaces may lodge, while 
the thin places may show a considerable proportion of late immature tillers, and 
perhaps encourage the growth of weeds. 

Uniform seeding is probably of maximum importance in the case of malting barley, 
and the seed is sown sufficiently thickly to prevent the development of late tillers, 
which might interfere with the production of an even sample. In the case of wheat, 
it is a common belief that a rather thin plant gives the best yield, and the quantity of 
seed put in is relatively small. To avoid having bare places, therefore, uniform 
seeding is again necessary, and it is very difficult to ensure this by hand sowing. 
Whereas wheat is seeded at the rate of about 2jj ffiushels per acre, oats require 
from 4 to 0 bushels to give the fc£st results. This crop is not, therefore, so difficult 
to sow by hand. The operation, however, requires skill, especially if the land is 
hilly, and fairly 8alm weatMr. 

Each spout of a drill should sow at the same rate. In this particular, drills are 
frequently far from perfect; and usually no provision is made whereby the farmer can 
adjust the machine to secure uniformity. To ascertain whether a drill is satisfactory 
in this respect, it is necessary to put a quantity of seed through the machine while 
each spout is made to deliver into a separate bag. • The drill may then be driven a 
certain length, or a corresponding quantity of seed may be “ sown ” by turning the 
drive wheel round a number Of times, the drill being jacked up for the purpose. The 
need for such*tests is seen from the fact that in the R.A.S.E. trials at Doncaster in 
1912 the first prize drill, when* set to sow at the rate of 3 bushels per acre, showed 
a variation in individual spouts of 2-80 to 3-91 bushels per acre, a difference of 40 per 
cent. t In another drill the Variations were from 2-68 to 4-21. 

Another requirement is that the drill should sow uniformly at all points in its line 
of motion. The pace of the team, the slope of the land, and the incidence of shocks 
should have no influence on the rate of delivery. This matter is not so easy to test, 
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but a fair idea may be obtained by a careful examination of the rows of corn as they 
appear above ground. In special tests the machines are made to sow on tracks laid 
at intervals with cards covered with lithographic varnish. It is generally agreed that 
the force-feed type of drill is least influenced by variations in speed and surface. 

With regard to the calibrations indicating the rates of seeding, these cannot be 
trusted. It is too much to expect a drill to be more than approximately correct; 
and if it is correct for one sample of seed, it is likely to be incorrect for another. In 
the above-mentioned trials the drills were set to sow barley at the rate of 3 bushels 


per acre; the actual quantities puts on by the eight machines were : 2'5, 2-6, 2-9, 
2-9, 3 0, 3-2, 3-4, 3-6. 'It must be remembered that cereal grains of the same kind 

vary in shape, size, and 



weight per bushel, and a 
machine cannot adapt itself 
to'these differences. In the 
case of wheat, the varieties 
Standard Red and Marshal 
Foch, for instance, show 
great differences in size and 
shape : Potato Oats, owing 
to their small size and 
smooth skins, tend to run 
through the drill faster 
than such types as Storm 
King. 

It is the duty of the 
operator to know hi* drill 
and to set it with special 


F«i. 98 .—Cop Drii.l with Funnel Seed Russ, Suffolk 
COULTERS, AND PRESS IRONS. [TeW.] 


regard to the sample of 
seed to be sown. Some 


drills have an acreometer, from which the area sown ma'j be directly read ; but it is 
an easy matter to determine this without a special device. For instance, a drill with 
twelve spouts, 6 inches apart^ covers 6 feet at a “ scrape ” ; an acre is therefore 
covered by 4840=2=2420 ‘yards of travel. If the field is 242 yards long, then each 
scrape up the field covers one-tenth of an acre. The capacity of the box should be 
known, and its contents with the seed at different levels should be marked after the 
fashion of a railway churn. The quantity of seed sown on a determined small area 
may then be read off directly. It is, of course, possible to test the drill in the 
shed, revolving the drive wheel at the niormal horse pace, weighing tlie quantity of 
seed sown in a certain number of revolutions, and calculating the area represented 
by measuring the circumference of the wheel. This method does not, however, allow 
for the vibration of the drill when actually at work. 

Certain varieties of the same kind of cereal commonly produce a thicker plant 
t.hnn Others. There arfe, of course, differences in tillering capacity; it is, however, 
the small-grained kinds that are usually seen to grow thickly; and the cause if 
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undoubtedly due to tbe practice of seeding by bulk or weight of seed per acre without 
regard for the fact that a bushel of small seeds may contain nearly twice as many 
seeds as one of large. 

Kinds ok Delivery or Feed 

The regular and certain delivery of the seed to the spouts has been and still 
remains a problem difficult to solve; which explains why there are so many different 
devices on the market. In earlier types of drill the rate of delivery was regulated 
by means of a slide that varied the ^ze of the orifice through which the seed fell; 
and the seed was' agitated and caused to drop through the olifice by the revolution 



Fig. 99.—Drill Ityx with Tilting Horruits. 

At A, hopper shootiAurned back for cup barrel to bo emoved. • 
At B, hoppers in drilling position. 


of either a fluted cylinder, a pinion wheel, or a pinion with teeth of metal and brush- 
fibre alternating. Discs with waved edges and devices of the nature of propellers 
have also been used. Some of the above feed devices iye still fitted to turnip and 
clover seeders. The modern corn drill, however, may have one or other of the follow¬ 
ing four types of feedCup Feed, Disc Feed, External Force Feed, and Internal 
Force Feed. 

Cup Feed.— This is the most common feed on English drills, and is probably the 
most generally useful type. The seed box. is divided into compartments to ensure 
a regular supply of seed to each distributing unit when sowing on unlevel land, and 
to enable the operiftor to ctmtrol the depth of the layer into which the cups dip. 
The front or upper compartment has a capacity of about three bushels, and serves as 
the seed reservoir. The lower compartment is partitioned across the bottom into a 
series of cup chambers, each of which contains a disc with cups on each side and two 
seed funnels or hoppers.. 
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Each cup chamber communicates with the main seed reservoir by a pigeon-hole 
fitted with a slide, and the series of slides may be connected together so as to be 
regulated by one lever. It is necessary to set the slides to regulate the delivery of 
seed to the cups ; as, if too much seed is allowed to accumulate under the cups, they 
will throw a portion of it over in addition to the quantity contained in the cups. To 
ensure even flow of seed through the pigeon-holes, it is further necessary to have a 
device for keeping the box level when the machine is going up and down hill. This 
usually consists of a crank behind the box operating a pinion that ipeshes with a 
vertical rack in front of the box. Sometimes a sort of plumb-line indicator is fixed 
to show whether the drill box is horizontal. 



Kio. 100 .—Corn and Seed Drill with Cor Feed. Fvnnel and Telescopic 
Tubes, and Suffolk Coulters. I W & lker . | 

The distributing discs are fixed on a shaft that passes from end to end of the lower 
compartment of the seed bo/, the whole assembly being termed the seed barrel. 
The cups are now usually made with two seed faces, one for large and the reverse 
for smaller seeds ; such a barrel is said to be reversible. Two barrels with double- 
faced cups will suffice for all requirements : the larger cups sow beans, peas, and oats 
on the one side, and wheat and barley on the other ; while the barrel with .smaller 
cups serves for roots and clpver seeds respectively. An interesting device to avoid 
the trouble of changing or reversing the seed barrel Is adopted in the Pilter drill; 
the capacity of the cups may be varied by turning a level' at the end of the seed shaft, 
causing the cups to project more or less from the side of the disc. One of the cups is 
graduated to show the quantity of seed sown with the cups at different lengths, the 
device thus also serving as a means of regulating the rate of delivery without the use 
of change pinions. 
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Up-to-date patterns of drill are fitted with lilting hoppers, i.e. the hoppers may be 
tilted to the side, where they will not receive the seed carried round by the cups. 
This is a convenience for throwing any spout or number of spouts out of action—as, 
for instance, when sowing part of a drill width, or when drilling roots with only every 
third or fourth spout in work. It is also a convenience when taking out the seed 
barrel for changing or reversing. Double hoppers may be had for drilling beans. 

Cup drills are driven by pinion gears on the end of the seed box, working some¬ 
times off the right wheel and sometimes off the left. Drills should not be made to 


sow round sharp corners ; but if the cup drill should be used contrary to this advice, 
it will continue-to sow only when * . 

the driving-wheel travels round the 

outside of the curve. The rate of \ |l ;| | jPjpS- '■HP® 
seeding with the same barrel is II IB ill' 1 t” 

varied by increasing or* reducing 

the rate of rotation of the seed O'AV&lSfSfeggg* 

shaft. This is effected by the use 

of different sizes of pinion on the V® swm 

end of the seed shaft, the smaller 

this pinion the more rapid its 

rotation and the greater the quaff- SiM /x®?' 

tity of seed sown, within certain allHHiltflilj j Mlir. t Tfl|i!, ' ^'Hil lSli — 

limits. The drill is thrown out of 

gear by means of a lever which 

lifts the pinions out of mesh. The 

makers of the different drills supply 


the purchaser with a table showing 
the proper pinions to use for sow¬ 
ing the desired quantities of tjre 
several kinds of seed, but the 
user must on many occasions exer¬ 
cise his discretion in the matter. 


Fig. 101.— “ Nonpareil ” Gearing and Drop 
Hearing. [ Smyth , j 

Does away with rawing box when changing cogs. (Jog 22 
is attached to cup spindle, and when it is replaced 
by a larger or smaller wheel, the radius lever, which 
cames wheel N. P. 3, is moved to left or right so as to 
gear properly. 


The cup drill has the advantage of adaptability. It can be used for sowing all 
kinds of seed varying in size from clover to beans, anq'wHen fitted with tilting hoppers 
the necessary changes of barrel can be quickly effected. It.oannot injure the seed 
in any way ; and when the work is finished the see^ box can be quickly emptied and 
cleaned. Its chief drawback is that it requires more care in operation to ensure 
regular sowing than does the force-feed drill, especially on rough or uneven land: 
and it does nbt sow so regularly when the team is attached direct to the drill with a 
pole as when a fore-carriage iff used, which ensures a steadier motion with less sway 
on the seed box. "The first and second prizes in the R.A.S.E. trials in 1912 were 


both awarded to cup drillff. 

Aisc Feed,—T he disc feed is common on the Continent, but in this country it is 


as yet only used on one or two makes of clover drill. Opposite each seed spout 
there is a disc in the gircumference of which there are pockets having the same 
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functions as the cups in a cup drill. Discs with different numbers and sizes of pockets 
are required for sowing the different sorts of seed, and the rate of sowing is modified 
by the use of change pinions. 

The feed recently introduced by the Nene* Engineering Co., Ltd., is a form of the 
disc. A plain cylinder about an inch broad, shrouded half an inch deep at each side, 
revolves in a slot against the bottom of the seed box : but instead of pockets in the 
rim there are plates which protrude from the circumference and serve to carry the 
seed over and drop it into the seed spout. These plates can be made to project to 
the desired extent by the movement pf a lever, and thus the same cylinder can be used 
to sow seed of different'sizes. 

External Force Feed. —One of the earliest devices used on English drills was 


1 


a fluted cylinder'placed over 
an orifice in the bottom of 
the seed box. In 1851 a 
patent was taken out in 
America for placing the 
fluted cylinder outside and 
under, instead of inside and 
over, the seed aperture, so 
that the cylinder should, as 
it revolved, scrape or force 
the seed out of the box and 
into the spout. The force- 

Fio. 102 — Representing Chief Parts of External ^ ee< ^ * s now ma< ^ e 

Force-Feed Unit. ill many forms, and is 

A=Feed run Attaching !!’ seed box. . common in Britain and on 

B = Plain portion of roller (mav be stationary). „ 

0=Fluted portion. «,* the Continent, as well as 

J? = T s T <*j> sl ;f ft -, . <■„ in America. 

E= Under-hi) of seed run. ' , , , , 

The seed box has only 

the one compartment. Over each spout there is a ^mall hopper or feed run, 
the side or bottom of which is closed by a fluted roller working on a shaft. 
Generally the roller is fluted over only about half of its length, the remainder 
being smooth; and, by sliding the roller laterally in relation to the seed aper¬ 
ture, more or less or none of the fluted portion may be in contact with the seed. 
In this way the rate of delivery may be regulated. As a rule the coulter lever is 
connected with the seed shaft, so that when the coulters* are lifted out of the ground 


the feed is shut off; but a separate in and out of gea» lever may be fitted, *o that 
the feed can be cut off irrespective of the coulter lever and allow of the Machine being 
used for broadcast sowing with the coulters raised. ' There are drills in which the 


drive is fitted with change pinions for varying the rate of resolution of the seed 
shaft; and a further modification may be added by making the gears reversible so 
that the rollers may carry the seed either under or over : there are certain advantages 
in the overrun feed. In some cases the under plate is fitted with a spring to prevent 
crushing the seed, and its position in relation to the roller i« adjustable to suit seed 
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of different sizes. The top of each hopper should be provided with a sliding shutter 
so that any spout may be cut out. 

The special virtue of the force feed lies in its ability to sow evenly on hilly land. 
The slope of the box has no material tfffect on the rate of sowing, and shocks do not 
affect the delivery. This drill does not, therefore, require means for keeping the 
box level; and where a fore-carriage is not needed for steerage, the team may be 
attached directly to the machine by means of a pole. Owing to the fewer number of 
parts, the force-feed drill is less expensive to make. Its drawbacks are that it is 

less adaptable than the cup drills it will sow white corn but not beans, and not 

• • 



Fig. 103 . — Illustrating Principle of Fig. 104 .— Internal Force-Feed Unit, 

External Force Feed, Und # er-run showing Door for shutting &bbd 

Type. from One Side of Feed Disc. 


• [ Massey-H arris. ] 

always peas. Certain makers oifer special attachments with which the drill may be 
adapted for sowing small seeds, but undoubtedly the cpp delivery is the better for 
this purpose. 

Internal Force Feed. —In this type the distributor consists of a disc with 
flanged rims, the insides of which are ribbed or slightly fluted. Each feed disc is 
housed in a small metal hopper in the bottom of the seed box, and on the revolution 
of the disc the seed is carried round on the ipside of the rim until it falls out and down 
the seed spout. In a well-known pattern the two sides of the disc may be used 
separately, a hinged door baing turned over that half of the hopper which it is desired 
to cut out. In order to put on sufficient seed in the case of oats, it is necessary to 
hav<? both feed runs open. 

The rate of sowing is controlled by varying the speed of the feed disc. This is 
attained either by the use of change pinions or in the more recent types by the use 
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of the multiple gear disc. The latter is very convenient and allows of a wide range 
of variation in the quantities. Where the two sides of the feed disc may be used 
separately, different quantities may be sown from each. 

The internal force feed has not as yet been adopted by the British manufacturer. 
It is of comparatively recent introduction into this country, but it has given satis¬ 
faction for sowing white com. The claims made in its favour are those of the older 
force feed, with the further advantage of continuous delivery. It is also said to be 
able to sow trashy or damp seed better. It lacks, however, the adaptability of the 
cup feed, and, like drills of the preceding type, it is difficult to empty any surplus 

seed out on'completion of the work. Both types 
will sow to the last pound of seed, so that with a 
little forethought there should be little* seed left in 
the box at the end. 

UNIFORM SPACING AND COVERING 

The characteristic feature of a drill, and that 
which distinguishes a drill from a broadcaster, is 
the possession of seed coulters for depositing the 
seed in lines * under the surface of the soil. 
Whether it is desirable to sow in lines, and whether 
seeds germinate and grow better drilled-in or 
harrowed-in, depends on conditions. There are 
many instances of crops harrowed-in doing better 
1 ° 5 ' ^ EAR DlSC ' than drilled crops ; and even in experiments the 
advantage of drilling is not easy to demonstrate. 

Depth of Covering .—It is unnatural for seeds to be deeply covered ; and the depth 
of drilling does not affect the depth of rooting. Further, the impression that wheat 
will stand the winter better if drilled deeply is contrary to experience. The objects 
of covering the seed are to protect it from birds and to«jplace it within the reach of 
moisture. On damp soil and in autumn sowing, shallower depths suffice than are 
required on dry soil and under the conditions of spring sowing. Deep covering is 
injurious to autumn and winter corn, as it gives the plant the “ trouble and expense ” 
of putting out a second set of roots at a level nearer the surface. For corn under 
average conditions, a depth of 14 to 2 inches is correct: the depth would be better 
reduced for late autumn-sown corn and damp land and' increased for spring corn on 
dry land. Uniform depth is desirable, provided that a, correct depth is chosen. 

Width between the Rows .—If the seeds could be distributed unifofmly over the 
surface of the soil, each plant would have better root and leaf space than it has when 
drilled. The nearest approach to proper spacing obtains wheii the drill rows are 
close together: the opposite is seen when oats are drilled at the rate of 5 or more 
bushels per acre in drill rows 8 inches apart. 

The proper distance.apart for drill rows depends on a number of conditions. If 
the crop is to be horse-hoed, the rows must be at least 6J inches wide; an early sown 
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wheat crop may have wider rows than would be best for late sowing or spring corn. 
Dry land and poor land should be drilled in narrower rows than good land. Wide 
drill rows on poor weedy land give the weeds too much room. 

I 

Coulters 

The Suffolk Coulter is still extensively used, both in this country and abroad. 
Being round nosed, it is not troublesome with collecting weeds or tearing up turf or 
manure; but it lacks penetration and requires the aid of heavy pressure to enter 
firm soils. The Suffolk coulter opens n narrow ftirrow and covers the seed well. 



Fjo. 106 . —S^jwinu .SrKiJ»i Press, Spiral Tubes, Coulter Levers, Hoe Coulters 
with Break-Pin Adjustment for Pitch, and Ackeometek. [ Knapp .] 

The coulter is attached to a lever, which is hinged % to a bar in front and carries a 
weight at the hinder end: this lever arrangement* enables the coulter to follow 
inequalities in the surface and to rise over obstructions. The "weights can be varied 
to adapt the pressure to requirements, and additional pressure can be provided by 
means of press-irons. The ends of the levers are attached by chains to a windlass 
behind the seejl box, by the turning of which they are lifted out of or let down into 
the ground. The press-irons are hooked to the end of "chains on the windlass and 
are caused to bear dgwn on a > bar running across the top of the series of levers. 

The Hoe Coulter is of more recent introduction. It somewhat resembles the share 
of a cultivator, like which it is reversible. Being made of cast steel and rather thin, 
it is liable to breakage ; hence it is fitted with a wooden break-pin in its attachment 
to t^e lever. The half-round shape is the ordinary fitting ; but V shapes are pre- 
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ferred for heavy land, which does not so readily fall in and cover the seed after the 
broader shape. 

The advantage of the hoe coulter is its power to penetrate without heavy pressure: 
hence it lends itself to the use of the spring jp-ess in place of the weighted levers. It 
spreads the seed over a wider furrow bottom than the Suffolk coulter, an advantage 
where the crop is not to be horse-hoed. Its drawback is its liability to collect weeds 
and block. In the matter of draught it is lighter than the Suffolk, on account of the 
smaller pressure needed for penetration. 

Disc Coulters. —The disc coulter is the latest form of furrow opener,-and its special 
advantages are that it floes not blodk with rubbish ; it will cut its way and cover the 
seed well under conditions that would, ( be impossible to the other two types ; and it 
pulverises the cqvering soil better than either. Thus the disc drill requires less pre¬ 
paration of the seed-bed and less attention from, the operator during work. Its 
disadvantages are the greater cost of discs as compared with shares, and the extra 
care required to keep them in proper condition. There are single-disc and double¬ 
disc drills. Both are good, and although the former is the more widely distributed, 
the double-disc coulter appears to cover the seed rather better. 

In all patterns of coulter the levers are of two lengths, long and short alternating, 
to arrange the coulters In two rows : the object of this is to provide clearance between 
them. Generally the lever that lifts the coulters,out of the ground is connected with 
the gearing in such a way that the raising of the coulters throws the seed barrel out 
of action. Disc drills have two operating levers—one for each six coulters, or what¬ 
ever may be the half of the series. In certain drills these levers are very awkwardly 
placed and often get strained when the drill is backed into the shed. 

«■ Number of Coulters. —An even number, say 12, lends itself to division by two: this 
is a consideration where corn is horse-hoed, as the hoe must be either the full width 
of the drill or half width. On the other hand a 13-row drill js very adaptable for 
root-drilling : if the spouts ar4 7 inches apart, thgn by leaving the two outsides and 
three others and taking out the rest, the drill call be used for sowing 5 rows of 21 
inches apart; with 4 spouts sowing, the rows are 28 inches apart. A 10-row drill 
is a convenient smaller size, and 16-row for the largest. 1 

„ Seed Tubes 

The old-fashioned funnel “ tubes ” probably distribute the seed along the drill 
row the best, but the chains <>ften break. Spiral steel-band tubes are cheap and 
flexible, but they soon rust and are difficult to put right Vhen distorted. Indiarubber 
tubing is perishable, but cheaply replaced. Telescopic- tubes do not lend themselves 
to sideways adjustment fop drilling different distances apart when attached direct 
to the hopper. Probably the best kind of seed tube is the telescopic, with two funnels 
at the top. * ' 

Steerage 

Pole Drills. —A careful man with steady horses can drill straight and join one 
scrape with the next without additional assistance. For one-man work the, disc 
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drill is undoubtedly the best, as it is not so necessary for one man’s eyes to be on the 
coulters all the time. He must walk behind the inside wheel and run this on the last 
row of corn sown in the preceding scrape or traverse. 

Single-Wheel Fore-Carriage ,—This is a rather common attachment on continental 
drills, and is seen on some north country drills in Britain. The marker and the hitch 
'adjustable for height are necessary accompaniments—the one to indicate the next 
track for the fore-wheel, and the other to allow of some of the weight of the drill being 

carried by the draught chains. . 

Fore-Carnage Steerage .-This is the ordinary^nethod of steerage. In its simplest 
form the axle bar of the fore-carriage,' is attached to the frame of the drill by means 
of a pair of chains, one on each side. These are hooked tight during the straight run, 



Fig. 107 - Force-Feed Disc Drill fitted with Front Steerage and 
Markers. [ Wallace , Ulmgou -.] 


but detachable for turning round at the headlands. The double-purchase steerage 
is easier to operate, but nor so steady in work. The use of stub axles, as in motor 
cars, has not been adopted in this country. If the gauge of the wheels of the fore- 
earriage is the same as that of the drill wheels, there will be only one pair of tracks, 
and the draught of the drill is probably less than whtm the fore-carriage is narrower 
than the drill. * 

The steerage drill is mo-e expensive to operate than the pole drill. Usually 
three men and three horses are employed ; but it is really only a two-men job. The 
man who steers the drill can d’rive the team without much difficulty, as he commonly 
does in some localities. Some little skill is required in turning the drill at the head¬ 
land so that it immediately.takes up the correct position for the return journey. 
On arriving at the end of the field the man who is steering unhooks the chain at the 
side rext to himself, turns the fore-carriage right across the direction in which the 
drill has been moving, and the motion of the team then brings the drill round, pivoting 
on the main wheel that is to run upon the last tow of corn. When turning this or 

8 
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any other form,of drill it is necessary to see that the coulters are raised clear of the 
ground, and to avoid turning with one wheel in a furrow or with one wheel running 
on a raised headland. 

The main wheels of a drill should be largejin diameter, i.e. at least 4 feet 6 inches, 
to ensure as even travel as possible. 



Fig. 108.—Suffolk Drill with Double-Purchase Fore-Carriage Steerage. [ Smyth .J 

0 GENERAL CARE OF DRILLS 

Lubrication .—There is considerable friction on the main axle of a drill, as there 
is on the axle of every machine that carries a weight over soft land. The wheels 
should, therefore, have proper attention in this respect. The gears also require oil, 
and the bearings of all moving shafts should be lubricated; but care must be taken 
to avoid dropping oil in the places that come in contact' with the seed. The coulter 
levers need oil at their hinges, and the discs in the disc drill should have their grease 
chamber replenished. t 

Operation .—Before beginning to drill up and down the field in “ bouts,” it is 
necessary to drill twd, or better three, scrapes round all the four sides of the field : 
the object of this is to sow the headlands before the horses have trodden the ground 
hard by turning. In making these preliminary scrapes it is desirable to avoid attempt¬ 
ing to sow round the corners of the field, as this not only results in tjie out4r curve 
being sown thinner than the inner, but'it involves the risk of straining the coulters 
or the levers to which they are attached: the coulters^, should be lifted clear of the 
ground at the corner and the drill manoeuvred into position before they are again 
let down. 

A drill, especially a cup drill, does not begin to sow at the spouts immediately it 
is put in gear; hence il is necessary to drop the coulters about a yard from the point 
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where it is desired to begin putting the seed in the ground. Similarly, on arrival at 
the ends, the drill must be thrown out of gear about a yard before reaching the mark 
of the last spout of the cross-drilling. For the same reason, whenever it is necessary 
to stop the drill in mid-field the drills must either be backed a yard before going 
forward again or a handful of seed must be distributed in front of the coulters to 
give a plant on the place where the drill does not sow. Drills with ordinary coulters 
should not be stopped without lifting the coulters out of the ground; and the 
machine, whatever its form of coulter, should not be backed with the coulters down. 
The importance of observing that the coulters are clear of the ground when turning 
at the ends has already been mentioned. , 

Storage .—When the drill has completed its.work, and before leaving it in the shed 
until next seed time, the seed box and distributing mechanism should be thoroughly 
cleaned out: seed should not be left in: and it is very important to clean all iron 
parts that have been in contact with seed dressed with blue stone, as this substance 
is very corrosive of iron. The coulters should be cleaned of soil, especially disc coulters, 
which are expensive to replace, and smeared with a rust preventive. The coulters 
should not be left in contact with the ground ; but they should not be left levered 
up, otherwise the press-springs will be injured : they should be let down to rest on 
boards. The general rules (as to painting woodwork, and greasing ironwork, and either 
labelling the machine with particulars of parts requiring replacement or immediately 
ordering the required parts) apply to drills as to other farm implements. 

GRASS Ahfb CLOVER SEED DRILLS 

There is almost endless variation in the time and method of sowing grass and 
clover^seeds. The constant features in the results of the different methods are that 
the best “ take ” is seen on the headlands; that the grasses miss less frequently 
than the clovers; and that the clovers take best wSen the land has recently been 
either limed or slagged. The latter features are probably due to the facts that 
grasses can push^through a deeper covering than clovers and are not so sensitive to 
soil acidity and lack of phosphate; while the successful germination on the head¬ 
lands is due chiefly to the firmer condition of the seed-bed. 

• Machines 

Broadcasters are more commonly used than clover seed drills. The fiddle sower 
is better than the hand, provided that it be not used to broadcast mixtures containing 
seeds of different density. The rotating fan throws clover seeds or timothy farther 
than the lighter grasses, and the result of attempting to broadcast a mixture is to 
make strips with the heavy s»eds growing on the outside of the casts. The light seeds 
should therefore be sown lengthways of the field, and the heavy seeds crossways. 

The seed barrow has a trough with apertures at regular intervals through which 
the seed is pushed by the rotation of brush pinions “ keyecj ” to a spindle. The 
spindle is driven from the travelling wheel, and the rate of sowing is controlled by 
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variation of the size of the seed apertures. The brushes work well while new, but 
become uncertain as the bristles wear. In some broadcasters of the long box class. 



'Flo. 109. —Clover Seed Broadcast Barrow. [ T . Corbett . \ 


pinions with four flat teeth a*e used in place of brushes : these can also be used for 
. * corn. In others metal and fibre 

\ ff Seed barrows sow well in the 

\ ff hands of competent operators. 

\ ff The box should not be filled too 

\ ff ' an( l even w 'lh this machine 

\ m it is better not to mix the grasses 

\ * Horse - drawn broadcasting 

\ %°o • machines are made covering a 

\ ffyl/ll Iff ° width of about 8 to 12 feet. 

\ Ij o For passing through gateways the 

FlO. 110.-IEICSIKAT.KO PK.KCWIE OF BRUSH FEED. tW0 halVeS ef tllC b ° X “V fae 

, turned parallel with the shafts. 

Clover Seed Drills are made on the cup-feed principle and are fitted with narrow 

■ uTu the seed 

barrel is reversed, alter- Flo. HI.—Seed Broadcaster arranohd for Traksfort. 
nate coulters are taken [ Sellar .] 

out, and double tins are fitted to drop the seed from two pairs of spoons doWn one 


-Seed Broadcaster arranohd for Traksfort. 
[ Sellar .] 


row. The same drill can, of course, be used for sowing roots, the coulters being 
adjustable laterally. 
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Some farmers drill grass and clover seeds with an ordinary corn drill fitted with 
suitable barrel, the weights being taken off the levers. 

BEAN DRILLS 

Beans may be sown with a Suffolk type of corn drill fitted with press-irons and 
double tins. The internal force feed drill may be constructed to sow beans, a reducer 
being inserted into the run for corn sowing. 

Ploughing the Reed in every second or third furrow is a method favoured by some 
farmers. The plough drill has a barrel feed, cylinders with different sizes of pockets 
being used for the various kinds and quantities of seed. 

ROOT DRILLS 

Mangels require shallow sowing, 1-1 inch, and a solid seed-bed; swedes can be 
sown a little deeper and on fresher soil. , 

(a) Flat Drills .—For drilling on the flat a cup-feed corn drill may be used, the 
coulters being suitably adjusted. Where fertiliser and seed are drilled at the same 



Fiu. llfi, —Root Jfitnx fob Rowes, EnuusiwType. [Kafr*.] 


time a combined machine is required : this deposits the manure in a channel a few 
inches ahead of the seed coulter, and a layer of soil separates manure and seed. 
Although the fertiliser is not properly incorporated ill the soil when sown in this way, 
the weeds do not get it, and the young roots come awa'y faster and are earlier ready 
for singling. Not more than about 2 cwts. of soluble salts should be drilled immedi¬ 
ately under the seed. 

(6) Ridge drills are of several types, but one or two concave rollers are required to 
guide the machine on the row. The Scottish drill has brush and aperture feed, and the 




SEED-SOWING MACHINES 


119 


disc coulter is becoming common. The English drill has cup feed, and plain coulters. 
There may be two spoon discs, larger spoons for mangel and smaller ones for swedes. 
Combined fertiliser and seed drills are also made for ridge work. 



Km. 117. Com min kd Fertiliser \ni> Seed Drill for Ridges. [ Heave #.] 

POTATO PLANTERS 

After many attempts to devise satisfactory mechanical planters, three British 
machines appear to have passed*t,ho experimental stage :— 



Km. I[S.- SlNel.i;-Row Potato I’untek. [W’ciWice, Gliwgow.] 







120 


FARM IMPLEMENTS AND MACHINERY 


(1) Wallace’s Richmond Planter, working on the chain and cup principle, requires 
the least manual assistance. It is specially suitable lor properly sorted seed, planted 



Fra. 119. —Machine *ok planting Sprouted Potatoes in the Ridge. 
[ Harrixon, McGregor.] 


without sprouts. It is made for single- and double-row work, also as a combined 
manure distributor and planter. 

(2) The Albion Planter requires an operator to place each sett in its compartment 



Fig. —Potato Seam Opener. 

A is attached to ends of spindle of drill roller. 


of an endless belt that passes across the machine in front of the seat. This machine is 
adjustable for different spacings and is suitable for sprouted setts. It has a plough 
for opening a furrow and discs for covering the setts. It (plants irf the ridges, but can 
be fitted for planting between them. * 

In parts of Lancashire and Cheshire farmers do not care for splitting ridges'over 
the setts. The ridges are often split over the manure, and in the absence of the 
planter or driller a shallow furrow is opened with a ridge plough along the top" of 
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the formed ridges. In this groove the setts are laid and then covered with soil. 
Owing to the difficulty of opening this groove without tearing out manure, miniature 
groove openers are made locally to run behind a two-ridge roller. 



Kio. 121.— Potato Dibblek. [ Ogle ..] 

(3) The Dibbler.—The dibbler saves opening a groove. It makes properly spaced 
holes in the closed or half-closed ridge, into which the setts are afterwards dropped 
by hand. The wheels being split in the Burgess pattern, the spacing of the holes 

can be varied by adjustment of tjie dibbles. 

The same machine can be used for work on the flat, and for planting cabbages. 
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IMPLEMENTS FOR AFTER-CULTIVATIONS 

* » 

ObJf-cts of Hoeing and Drill Grubbing 

1. Destruction of Weeds. —By the rules of good husbandry, perennial weeds— 

such as couch, twitch, coltsfoot, docks, and thistles-'-should be eradicated by cultiva¬ 
tions before the land is sown. Admittedly thorough cleaning before sowing is not 
always possible, and the surviving perennials may be checked by horse tillage between 
the rows, if the crop is sown in drill rows, and by hand work between the plants. 
These intercultivations— hoeings —are, however, necessarily superficial and are not 
very effective as a means of eradicating weeds possessing perennial roots or runners. 
Hence, where land that is badly infested cannot be cleaned of these types of weed 
before drilling, it must be either bare-fallowed or- bastard-fallowed or drilled in rows 
sufficiently wide to allow of the deeper and more thorough kind of hoeing known as 
drill grubbing. Vigorous crops, like new-seed Kerr’s Pink potatoes, are also good 
weed killers. * 

Hoeing proper is a superficial form of tillage, which is, however, very effective in 
tho destruction of annual weeds—such as charlock, spurrey or “ dother,” poppy, 
and fat hen or “ lamb’s quarter.” The seeds of these weeds cannot ai a jule be 
destroyed before the crop is sown ; and their suppression and eradication depend 
chiefly on the use of the hoe. The effect of thq hoe is greatest when the soil and 
atmosphere are rather dry ; but the work must not be done when the soil is so dry 
that it will only come up in clods. « f t 

2. Tilth. —The surface of land tends to harden and encrust after sowing, especially 
in dry weather, in which condition the soil is unfavourable to crop growth. A loose 
“ fresh ” surface, however, < admits rain, prevents excessive drying from the rooting 
layers, probably encourages deeper rooting, and allows of ( the necessary in-and-out 
passage of air. Jethro Tull emphasised the benefits conferred on crop plants by 
repeated hoeings; and the modern farmer, while recognising that hoeing cannot 
make good a shortage of plant food or take the place »of good preparatory triage, is 
aware of the importance of keeping a “ fresh surface ” on the soil. » 

Consideration of the r61e of the loose surface will show why heavy soils really 
need more hoeing than free loams, although the latter, being mole prolific in the pro¬ 
duction of annual weeds, usually receive more attention in this respect; and why 
hoeing to produce a tilth is more necessary in dry than in wet districts. Deep hoeing 
of root crops should ba avoided when the crop is half-bulbed ; these crops are often 
injured by the destruction of the root fibres, which spread jeross the interspaces. 
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3. Moulding up— In potato culture a third reason for hoeing— or in this case 
drill grubbing—is to provide fine moist mould with which to earth up the crop. 
The grubbing must be sufficiently deep to turn up moist soil, dry mould checking 
the growth of the crop and being liable’to fall away. The object of the moulding is 
chiefly to protect the tubers from being greened by the sun and rain. Its effect in 
the yield of the crop has not been fully determined. 

Hoeing Corn Crops. 

In some districts, especially the northern counties, no one, thinks of horse-hoeing 
corn crops. The spring harrowing and, ii necessary, the spudding of thistles 



Flo. 122. —Simile-IS\ n Swinu-Stekkmie House Hoe fitted with A-Shakes. [ Tell .] 


0 

about the middle of June are all the after-cultivations given to cereals. In other 
districts the corn is still horse-hoed as part of the ordinary routine of cultivation. 
The practice was discontinued in many localities wla*n t the value of the corn crop 
and the returns from arable cultivation in general fell to the low levels that 
prevailed in the last two decades of the nineteenth century. 

Whether it is profitable t<3 horse-hoe corn crops is a question that does not admit of 
answering without reference to the circumstances of each case ; and it is insufficient 
to compare the yield of a hoed piece with an adjoining piece not hoed : the cleanliness 
of the succeeding crops must»also be considered. The operation, being executed 
with a multiple implement,«is both cheap and expeditious and might reasonably be 
expected to be worth whil« when there is either a crust to be broken or weeds to be 
cut oil. It might be superfluous in a crop inclined to make rank growth : in this 
case the weeds will be suppressed by shading, while the additional supply of moisture 
and nitrate consequent qn hoeing might cause the crop to lodge. Second corn crops, 
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on the other hand, might be expected to pay well for two horse-hoeings. Crops 
drilled closer than 7 inches are not easily hoed with ordinary shares ; as a rule the 

shares must be 2J-3 inches narrower than the row spaces. 

( 

Corn IIoes 

The implement used for hoeing cereal crops is made in several forms, and different 
shapes and sizes of shares may be used. In every case provision must be made for 



Fio. 123 .—.Single-bar Hoe with Inverted ShW [ Walker .] 


steerage independent of the horse, and in operating the steerage the rule is to watch 
one row, usually the middle, row. 

1, Swing Steerage .—The construction of this simple pattern is obvious in the 
illustration. The stems of the ^shares are adjustable both vertically and laterally 
on the bar to suit the depth of working and the spacing bf the rows of corn ; and the 
pitch of the shares can be adjusted by lowering or raising the points of attachment 
to the uprights of the carriage. Either A-shaped or L-shaped (of inverted ) 
shares may be used. The A-shaped are the better fo* penetrating and breaking hard 
crusts. The 5-inch shares may be used between 8-inch rows aftd 4-inch shares for 
7-inch rows. The L-shaped hoes can work closer to the plants, when these are small; 
and, if the soil is not too hard for then? to penetrate, they cut off and loosen their 
track better than the single A-share : but they are not so suitable as the latter when 
the crop is rather advanced in growth, and they require tjvice the number of tine 
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stems. When using L-hoes with a single-bar frame, the stems should be set alternately 
in front and behind the bar; cranked stems give additional clearance. The length 
of blade varies from 3 to 8 inches according to requirements, the 4-inch being the usual 
size for hoeing cereals. • 

The horse hoe must be either the full width or half the width of the drill it is to 
follow. If the drilling could be done perfectly (so that each scrape was exactly 
parallel with those on each side of it, and the interval between the rows sown by the 
outer spout was exactly the same as that between the other rows), it would be im¬ 
material whether the hoe worked wholly on one drill scrape or partly on one and partly 

" * • 



Fia. 124 .—Lever 1»oe with Foue-Steeraoe. [IfWw.] 


on another. With a 12-row drill, therefore, the horse hoe may have either 12 or 6 
shares. If the drill has 13 spouts the hoe must have 7 shares (or pairs), in which 

case one interval must be hoed twice. 4 . , , 

2 Lever Hoes— In the ordinary lever hoe each stem is attached to a weighted 
lever similar to that used f8r the coulters of corn drills, each shar'e having independent 
movement in the vertical direction. This type of hoi* is adapted for work on uneven 
land and stony soils ; and, oiyng to this flexibility, it can be made wide enough to 
follow the full width of the drill. In the “ link-lever ” hoe the lever system is that 
of a parallelogram: in this cup the pitch of the share does not vary with depth 

° f The steerage of the lever.hoe is effected by the sideways movement of the bar to 
which <he share levers are attached : there aw different ways of affecting this move¬ 
ment. The shares are lifted out of the ground for turning either bv means of a bar 
under the levers or by means of a chain to each lever. 
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.Fore-carriage steerage is sometimes provided in the larger sizes of hoe, to assist but 
not to take the place of the rear steerage of the working parts. 

In the simplest form of lever hoe the depth of working is not accurately regulated. 
To ensure an even depth each share must have either a depth wheel or, as is more 
usual, a sliding shoe. 

Hoeing Root Crops 

Flat System.— There is no doubt that the flat system of root-growing lends itself 

rather better than the ridge system to the adopting of labour- and expense-saving 

• * 



fob close Work among young Roots. [ Lewis .] 


methods and appliances. ' Many farmers prefer the ridge- system, however, chiefly 
because they can hoe between the ridges at an earlier stage and remove the weeds 
better than is practicable when the rows are on the flat. Sometimes in the latter 
case the weeds gain a serious lead, especially over mangel, owing to the length of 
time elapsing before the drill rows show up with sufficient clearness to allow of side- 
hoeing. To mark the drill lines for early side-hoeing, some farmers mix a little swede, 
radish, or other quickly germinating seed with the mangel; if* swedes be used they 
sometimes come where the mangels miss; and, although April-sown swedes^ won t 
keep long, they are useful (especially for drawn root competitions). ' 

When the drill rows may be clearly seen, and provided the soil is not too dry, the 
crop can be quickly and closely side-hoed with a multiple hoe fitted with special 
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blades. These can work close up to the line of plants, without injuring them either 
by covering them with soil or by disturbing their rootlets. Side-hoeing by hand is 
expensive and very slow. 

To allow of the closest and best wo»k among young roots, the hoe should take 
the same number of rows as the drill that sowed the crop. A 3-row drill may best 
be followed by a 3-row hoe : 5-row drills and hoes are used in some districts. If the 
number of rows hoed is different from the number drilled—unless a 1-row hoe is to 
be used—it is necessary that the drill rows should be carefully “ scrawled ” or other¬ 
wise marked out to ensure their being parallel, straight, and uniformly spaced. 
Three-row hoes do, as a matter of fact, follow 2-row drills in srvne districts. 

In working among roots, whether ridged #r fiat, short turns on the headlands 
should be avoided, otherwise many plants will be crushed under the feet of the 
horses : skipping six'rows is a suitable method. 

Choice of Blades .—It is .customary to use A-shaped shares to move the middle of 



l*'to. 120. —Showing Blades suitable foe Second Hoeino 
anS Hakd Soils. [ ftwp*.] 


the interspaces and L-shaped blades for work along the plants. At the first hoeing 
the soi^mvmt not be disturbed deeply in the region of the seedlings, otherwise their 
rootlets, shallow at this stage, will be broken or dried out; and the blade must not 
cast soil over the plants. In Denmark and in Germany the hoes have a pair of discs, 
which, running on each side of the*line of seedlings, cut through the crust and clods 
and protect the cjjip plants from the action of the side hoes : the combination of disc 
and blade is something like a combined disc and skim coulter. In this country 
blades of the Goss and Savage type answer the same purpose. These are made of 
cast steel, and may be fitted by means of a pair of riwets^ to a straight stem. The 
forward projection shields the plants from being coverecl with soil, and the sharp edge 
under the projection c,uts*through clods and prevents them being torn up. When 
setting these or any other pattern of blade close to tfie plants, it is desirable to give 
one blade a lead of the other, to allow clods, stones, etc., to pass through and not 
become wedgecUbetween the blades. One stem should therefore be fastened in front 
of and the other behind the bar, * 

The blade that is» specially suitable for shallow hoeing close to the plants is not 
the best for the second hoeiry, which is of a deeper character. To ensure penetra¬ 
tion iff hard dry soils the blade must have.a point in front. It may or may not 
have a side shield with cutting edge: those with side shields are preferable for close 
work) but of course cost more than the single-edge pattern. 
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Where the first side-hoeing is done by hand, the second and third workings can 
be performed with a 9-tine cultivator suitably fitted with hoe shares and blades. 



others the ridges are flattened down with a land roller, leaving little more* than a 
seam between the former ridges. After the first hoeing the crop is practically on 


the flat. 
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Where roots are grown on ridges most of the hoeing is done with the single-row 
horse hoe. This implement is made in a great variety of patterns. The light 
American type is handy to operate, takes a variety of blades and points, and is 



Fia. 129.—PahalljsC Expansion lion kitted witj Moulder Body. Special 
Blades for Side-hoeing high Ridges shown uiove. [ Brown .] 

generally suitable for ordinary light work. It is, however, inferior to. the more 
substantial parallel expansion hoe for (1) early side-hoeing; (2) deep work or work 
on heavy, hard soils; (3) work amongst potatoes, where the hoe should be fitted to 
do both grubbing and earthing up at one operation. 

Parallel expansion is desirable in order that the tines may, when fitted with trailing 
blades, carry these square-on with their work to allow of side-hoeing close up to 



Fin. 130 .—Parallel Expansion Hoe -Rear Tines fitted with <!. & K. Tyte op 
Blades for First Sidk-hoeinu on shallow Ridges [ Broun .) 

O 

• 

the plants. It is furrier desirtible that the tines shall be capable of taking a variety 
of blades and points to suit the various kinds and conditions of work. This applies 
particularly to the two rear tines: the frorft tine is nearly always fitted with an 
A-share and the two side tines with grubber points. The two rear tines should 
take &t least the following two types of blade:— (a) Trailing, i.e. Goss and Savage 
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type, for side-hoeing on the flat or on low ridges, (6) pointed blades for deeper hoeing 
01 There U little difficulty about horse-hoeing or drill grubbing when the hoe is not 



; V. A 


A. JACK , y ,, SONS L MAYBOLE. 


exnected to work very close to the plants. If, however, the hoe does not pare the 
X£ to tho line of plants, th.Vork h» to be don. at greater «!«*» and 

inC Tkm aS'a b numte of special devices for side-hoeingroot ridges 
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1. The parallel expansion hoe fitted with trailing blades will do good work on 



Fra. 133. .Ridge Drill adapted fob Side-hoeing. [ Yales. ] 



Fia. 134.— Push Hoe with Assortment of Fittings. [ Wallace, Glasgow.] 


low ridges. If the ridges are high, a different tine and blade Adjustable for pitch is 
required, as shown in fig 129. 



2 FARM IMPLEMENTS AND MACHINERY 

2. The disc side hoe is a favourite implement for high ridge work in the Border 



counties. The steel revolving discs are adjustable £or different sizes and shapes of 
ridge and can work either close up to or not so close to the plants 
, 3. Messrs Yates of Doncaster fit their 2-row root drill with side hoes. These are 



Fio. 13ft.—T hree-Row Potato Harrow. [ Cooke .] #/ 

i- 

attached in place of the seed coulters. This attachment does useful work on Urw 
ridges, as in this case the rollers can run firmly without beaming on the plants. 





Fig. 138. —Cultivator adapted as Tiufle Moulder. [ Marlins .] 


kind of work runs between thS ridges and is hinged along the middle to harrow the 
slopes on each side of the fifrrow. 

TJie multiple potato hahow is necessarily made to take three rows, the separate 
units running between the ridges. For deeper work a 9-tine cultivator may be used 
until the tops are too high, while the earthing up may also Be done three rows at a 
time with a cultivator or with a special three-row ridger. 
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Thinning Machines 

Root crops ought, as a rule, to be struck and singled as soon as the plants have 
three or four leaves; and the work ought to be done with the least possible exposure 
of the moist soil in the middle of the rows. These desiderata can only be attained 
where sufficient and skilled hand labour is available. 

A machine cannot “ single,” and it cannot make the best of a patchy crop by 
leaving plants at each end of a gap. What it can do is to “ strike ” the crop after it 
has been side-hoed, leaving bunches of plants at intervals of, say, 12 inches, provided 
that there are plants where the bunch “ ought ” to be. The singling is afterwards 
done by hand. • 

For many years a 2-row thinner for striking roots grown on the flat has been on 
the market. This works on the same principle as the circular rotary harrow. A 
steerage hoe or even a cultivator <jan also be used for rough Striking : the horse should 
be led diagonally across the drills to alternate the bunches in adjoining rows. 
Doubtless better work could be done with specially designed blades. 

Attempts to devise a suitable thinner for work on ridges have shown that this is 
a more difficult problem. The most recent contrivance was a kind of large rotating 
worm, the “ thread” of which pared off the top of the ridge, excepting where bunches 
of plants were to be left: to leave bunches the worm was made discontinuous. 

Many farmers dislike the idea of mechanical thinning, because it must make the 
crop more patchy. In many cases, however, the harm done by making a few more 
gaps would be less than that attributable to delay in singling. Hand striking is 
very slow work, and frequently the roots have to be neglected because of the hay 
hatoest. It is the labour extravagance of hand side-hoeing and hand striking 
that limits the acreage of root crops—which produce more cattle food per' acre than 
any other crop. 



CHAPTER XI 

HARVESTING MACHINERY 


TIIE HAY CROP 

Until about 1860, when the mower emerged from the experimental stage, the cutting, 
making, and securing of the hay crop were performed almost wholly by hand. The 
tedder and the horse rake had become practical machines before 1800, but their 
adoption did not become general until the mower was in regular use. By 1880 
these three machines had become part of ordinary farm equipment; and, in view 
of the great difference they made in the duration, labour requirement, and cost of 
the hay harvest, it may be argued that they have had an influence in the extension 
of the area under permanent and rotation grasses. 

Since 1880 several other hay-harvesting machines have been introduced, adopted, 
and improved. The swath turner was introduced in 1896, and so recently as 1919 
received an important improvement. The side-delivery rake followed a few years 
later, and almost every year some variation is made to increase its adaptability»for 
the tjjree* processes of swath turning, putting-up, and tedding. The elevator, the 
horse fork, and the hay sweep came before the swath turner; and the hay loader, 
though of recent adoption, was indented as long ago as 1875. 

Though the hay crop can noV be harvested without b ang touched with *hand 
tools, excepting,in the, building of the stack, the work is still controlled by weather 
conditions. Machinery enables the farmer to take full advantage of short periods 
of suitable weather; but the making process remains dependent on a natural 
atmosphere that is not saturated with moisture. 

There are three stages or series of operations in the liarv'-sting of the hay crop : 
cutting, making, and ca?rying. 

CUTTING 

• 

Time. —E^ery dairy farmer knows the milk-producing virtues of June hay, 
and many endeavour to secure a little, particularly sfor use in March and April. 
Early cut hay is more digestible, and more nearly resembles young grass than late 
cut fodder. 

The ordinary time of cutting is, subject V> weather conditions, when the bulk of the 
crop is in full flower. This stage is easily recognised in simpje mixtures, but difficult 
in ihe complex herbage of old land hay. After flowering, the nutritive matter 
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is transferred from the leaves and stems to be concentrated in the seeds, which are 
apt to shed, and the body of the plant becomes more fibrous and less digestible. 

Grass cut at the commencement of flowering is more waterv, contains more life, and 
is slower ready to stack ; it also settles tighter in the stack than ripe hay. It yields 
less m bulk and somewhat less in weight than grass cut a week after the flowers have 
dropped. It gives, however, an earlier and better second cut or eddish (aftermath). 

The mower works easiest when the grass is damp at the time of cutting, and 



the hay seems to have the best aroma when the, grass is mown damp. The early 
hours of the day are undoubtedly the best for the 'operation. 


MOWING MACHINES ' 

New Machines. -The mower has changed little in design for many years, and a 
new machine of almost any make will give satisfaction under ordinary conditions. 
The new mower makes a clean cut over the entire length of the finger bar: the 
fingers leave little or no ribbing or tracks in the stubble ; and the grass readily 
falls over the knife. Further, 'the draught is comparatively light; the machine 
appears to be well balanced in every way; and it makes little noise. Moreover, 
the blade will work a long time without resharpening. The virtues of the new 
machine are commonly attributed to its new improvements. 

After a few years’ wear - -often before the varnished paint has been worn off—the 
machine becomes heavier in draught: it may tend to ,pull the pole towards the 
grass; the blade needs more frequent < whetting; and the operator has to'make 
frequent use of the rake to keep the grass from lagging on the fingers. When some¬ 
thing visibly defective or broken is observed, the machine is sent to be repaired 
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(often, it must be admitted, just when it is wanted for work), but in spite of the 

repair, it does not run as it did when new. 

Many mowers are “ scrapped ” that could be made quite good and still greater 
numbers are worked on. though out of.adjustment It is unusual to find a .noue. 
that has been used three seasons but would be the better for some smiple nttintum 

to the mechanism, if only to ease the task of the team. . 

There are a number of adjustments and attentions a mowing machine sIn 
receive to keep it in good working condition ; and if these are omitted the additional 
stress thrown on the mechanism brings on other troubles. 

The Culling Mechanism, The principal parts of the mower are the finger bar and 
the blade. Under the impression that the bU.de does all the cutting, the necessary 
work of sharpening is usually concentrated on whetting the edges of the blade sect,mis. 
Only a machine with very high gear (and therefore heavy draught) can cut • 
grass when the cutting depends wholly on the blade. -The blade section ,s only one 

side of the shears : the 
other side is the edge of 
the finger plate upon 
which the section slides. 

The lingers divide the 
grass into bunches. Each 
knife section moves from 
the centre of one finger 
to the centre of the next, , ,. , 

and back again. (In the binder the sections move through to a second finger.) 
Tn moving across this space, the section presses the bunch of grass against the edge 
of tho.fin|fer plate; and by the edge of the section sliding over that o the plate 
like a pair of shears, the bunch of grass is cut from the rear forwards. If bi¬ 
section and the plate be regarded as a pair of shears ,t will be obvious (D.that 
edges must both be sharp, and (4 that they must actually .ub together. 

(!) The edge«of the finger plate (also called ledger plate) becomes dull and rounded 
with wear, especially with low cutting on gritty soils. In this condition it fails to 
perform its part of the work, and the grass is torn off rather than cut across. I Ins 
may cause, the grass to hang on the knife and occasion heavy draught and side 
draught. The remedy is to grind the plates to a properl; bevelled.sharp edge 
When the mower is put away for the season, these ecfgcs should be greased or vast line d 

to protect them against rust. . . , . 

(2) The edges of the sections and the finger plates must be m actual contact 
just as must the edges of a pair of scissors. If a finger is bent down its plate w.l 
not be in contact, with the section, and a line of long grass w. l be left. It is not 
uncommon to find several fingers in the middle of the bar where the sections do 
not touch the plates by about T Vth of an inch. The cause of this may be the sagging 
of the bar : apparently long bars carried on wheels are more subject to sagging than 
bars with sliding shoes ; or it may be due to excessive wear of the middle plates, 
due-to the bar arching in the middle when there is tension on the raising chain. 


SlIOWINU Wol.K OF I.KUCEK PLATES IN UOOL) 
and Had Condition. 
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Bent fingers can usually be brought into alignment by striking them with a 
mallet. Worn plates require replacement either of the entire finger or of the plate 
only, if this is detachable. In replacing fingers or plates, however, it is essential 
to preserve the proper level. A new plate may stand above those on either side, in 
which case the sections will be lifted out of contact with the latter. Tin washers 
must in this ease be inserted between the tail of the finger and bottom of the bar to 

which it is bolted. The alignment 
of the, plates is tested by sighting 
along them, with the eye about a 
foot away from the end plate; or 
by examining each in turn, with the 
blade in position, first making certain 
Kio. 141.— Wrocght-Iron Kinder with Hard Steel that the blade itself is straight. 

Welded Lik.ro, A ; and .JJoublk Winds dr Knife • Cam.- Thu sections are 

Shoulders, B, C . [Kearney. | , •> ' 

kept in contact with the plates— 

prevented from lifting off them in work—by means of the knife caps or clips. 
These should not actually bear on the sections, but the clearance should not exceed 
the thickness of a sheet of writing paper. Frequently the caps at the ends of the 
bar are so badly worn that they cannot be adjusted by knocking down, new caps 
then being required. 

Wearing Plates .—There is considerable back-thrust on the knife of the mower 
during work : the knife back is forced against the front edge of the finger bar. To 
protect the bar from wear and to reduce the friction against the knife back, the bar 
is often fitted with hardened steel wearing plates. These are held in position by 



B — Knife back. R-Bar. 

0= cap. S —Section. 

L — Detac^iabib ledger plate. W —Wearing plate. 

the bolts that fix the knife capS, and, being detachable, fnay be renewed—in some 
cases adjusted—so that the krfife is held up to its work. In some old machines, 
in which the plates are absent or require renewal, th» knife has considerable play ; 
and during work it slips back, so that only a part of each section touches the grass. 

Knife Head .—The greatest stresses occur at the, inner or connection end of the 
knife ; therefore it is here there is the greatest wear. Jf the wear is such as to allow 
the knife to play in its guides, good work is impossible ajid there is considerable risk 
of a breakage, especially at high speed.. 1 

A very good form Qf knife-head guide is that seen on the Albion mower, where the 
principle of the cross head and guides of the steam-engine piston is applied. . The 
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knife head has a broad wearing surface and works under a top guide to which is fitted 
a renewable steel plate: this prevents the knife lifting at the in-stroke of the con- 



Ftu. 143 .—Detuls ok Knike Head and Connection. \Hnr.lmn, ilcdregor. 1 

• 

nectiug rod. The bottom of the head slides on another renewable steel plate, in 
the base of the main or inner shoe. This device also combines a means of ensuring 
proper lubrication of the slides and the bearing for the Vonnecting rod. 

In most machines the head of the blade is prevented from lifting by the use of a 





Fiu. 144.- Plan op Mower, showing Alignment of Finger Bar 
and Means # of Re-aligning. \ Harrison, Mc(lnyor.\ 

false section sliding under a gui.de in the inner shoe. This should be adjustable or 
renewable. J 

Alignment of the Finger Ijar .—In order that the thrust of the connecting rod may 
be transmitted to the knife back with the least loss of force, the two must be in a 
straight line with each other. This line should also be at right angles to the crank 
shaft In many mowers the outer end of the finger bar lags back several inches 
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behind the inner; and not only are the pull and thrust indirect, but also the sections 
fail to “ centre,” as will be explained below. For both reasons, the draught becomes 
very heavy. A disaligned bar also occasions severe wear at the inner end of the knife. 
One of the causes of this condition is cutting round corners: examination of the 
work done when attempting to cut round a corner shows that the end fingers tear 
rather than cut the grass, which obviously strains the bar. In some machines no 
means of re-alignment of the bar is provided ; but where lagging is due to the wear 
of the hinge pins, the renewal of these will improve matters. Preferably the outer 
end of the bar should lead by about half an inch’to allow for lag when cutting. 

Centering. When .the knife is at the end of its outward stroke, each section 
should lie in the centre of a finger, ami similarly when at the end of its inward stroke : 
the blade should move so that each section travels to and fro between the centre 
lines of a pair of fingers. If the sections do not register in this way, the draught of 
the machine will be severe ; hide draught will be caused ; the cut will be ragged ; and 
the grass may hang on the knife. This defect is usually associated with a bar that 
is out of alignment, but it may be due to an error in the repair or replacement of a 
connecting rod—incorrect length—or to the use of a blade that does not belong to 
that particular mower. In some machines the length of the rod is adjustable. 

The Knife. - Sections that have worn or been filed until they are short from point 
to base cannot cut clean in a thick bottom. Scissors, for instance, will not cut near 
the rivet, as the angle is too wide: the angle between the edges of the section and 
the finger plate is similarly too wide when the blade is worn. Sections can be quickly 
removed by shearing the rivets. The knife back is* laid on an anvil with the sections 
hanging over the edge, and by means of a sharp blow on a chisel against the base of 
the section, the rivets are sheared across, to be afterwards punched out heads first. 

General Care and Operation .—Before putting in' the blade, the fingers should be 
looked over to see that all nutf} are tight. When the blade is fixed, try its movement 
to see that it does not bind anywhere. Never,*examine the blade while the gear 
clutch is in : it should be a rule not to get oil the seat without first throwing out the 
gear dutch. , * 

Before the bar is regulated for height and pointage, the height of the pole should 
be corrected if necessary. The proper height is about a yard from the ground. 
The bar should be set with the chain just taut, but without actually-lifting it off the 
ground. 

In starting a field it is customary to set-in a few yards from the hedge, cut two 
swaths, then in the reverse direction to cut the ontsidfes. In this preliminary work 
it is also common to drive round the corners with the machine cutting: as already 
explained, this treatment tends to disalign the bar. In turning square corners some 
drivers have always to back the machine into position for the next cut. The bar is 
about 2 feet in front of the main axle ; and, if the team is stopped when the axle is 
opposite the edge of the standing grass, the machine oan be pivoted round on the 
inner wheel into position for the nexv cut without any backing or manoeuvring. 
This saves the horses'’ necks. 

When the machine is stopped in mid-field, it is good practice to back the team a 
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Showino Fi.kxihii.ity of (T'ttkh B\u. 
[Mit-wy-Harrix.] 


yard or so before going on again. This allows the knife to pick up any “ lost motion,” 
and the machine to gain speed before meeting the grass. If the knife does not start 

instantly with the wheels, the 
pawls are probably worn or the 
springs are weak. (The pawls 
make the clicking noise in the 
hubs of the wheels on backing: 
their function is to transmit the 
motion of the wheels to the main 
shaft.) j 

The fast-moving parts require 
frequent lubrication-: the bearings 
at the two ends of the connecting 
rod t or* pitman need oiling every 
few “ rounds ” or about every 
fifteen minutes, never being allowed 
to heat. The. bearings at the ends 
of the crank shaft, and the gear 
shaft need oil every half-hour; the remaining bearings may be satisfied with a 
supply at the commencement of each hooking. The blade itself is generally better 
not lubricated, as the oil 
may either gather grit or 
cause the herbage to gum 
and stick in the fingers. 

Oil holes should be kept 
dean aijd covered or plugged 
with wool ; and it is good 
practice to wash the bear¬ 
ings out with paraffin at 
the commencement of the ' 
season’s mowing, to dissolve 
any gummy residues which 
might interfere with lubri¬ 
cation. 

A sharp knife may last 
about two hours, and to 
avoid logs of time a span 1 one 
is kept in readiness. The 
best sharpener is the grind¬ 
stone, using plenty iff water 
to keep the sections cool, 
during* grinding. The emery wheel or the* file may have to be used; but dry 
sharpening is liable to destroy the temper of the knife metal.* 

When putting the machine away, the knife should be taken out, cleaned, greased, 
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and stored with its fellow in a dry place; the finger plates should also be cleaned and 
greased. The pole should be either removed or supported ; and the weight of the 
finger bar should be borne by a brick or preferably a block of wood. Any parts 
requiring renewal should be ticketed and the spares ordered at once. The machine 
should be looked over again about a month before it is needed for work. 

Draught of Mowers, Types of Machine .—A rough figure for the draught of a good 
mower with 4 feet 6 inches cut is 3 cwts. In “ seeds ” it may be less and in old 
meadow more. This would be easy work at plough pace ; but mowing pace is about 

miles per hour, at which a draught of 150 lbs.’ is full work for a good horse. The 
draught partly depends on the gear ratio. A machine suitable for cutting seeds or 
open-bottomed grass-land need only have a multiplication of about 20, i.e. the fly¬ 
wheel makes 20 revolutions for each revolution of the drive (travelling) wheel. But 
for old tough meadows a multiplication of about 30 is needed; and this naturally 
increases the draught. As fhachines vary in gear, their draught and suitability for 
different purposes also vary. 

Recently machines with two speeds have been introduced, the low for seeds and 
easy work, the high for more difficult cutting and slow teams. 

HAY MAKING 

Fresh mowing grass contains about 60 to 70 per cent, of moisture, which makes 
it capable of great fermentation. When the proportion is reduced to about 20 per 
cent, the hay undergoes a limited fermentation, which results in the moisture content 
being reduced to about 15 per cent. When this stage is reached, fermentation ceases 
and the hay will keep indefinitely. The chief object of the hay-making process is 
thus to control fermentation by the abstraction of moisture from the grass. t 

Hygrometer .—As the making process is principally one of drying, it is dependent 
on the moisture content of the atmosphere. If the air is saturated with moisture, 
it is futile to move the hay in the hope of expediting its drying. The drying power 
of the air is ascertainable by the use of two thermometer!'—one dry, the other with the 
bulb kept damp by means of a rag dipping in water. This device, known as Mason’s 
hygrometer, depends on the principle that the evaporation of moisture cools the sur¬ 
face from which evaporation takes place: when there is no difference in the tempera¬ 
tures shown by the two thermometers no evaporation is taking place, the air being 
saturated. Half-made hay should not be left abroad over night when the atmo¬ 
sphere is laden with moisture, 'as dew is likely to be deposited when the air cools 
during the night. 

The Swath Turner .—The swath left by the mower dries to a certain depth and the 
interspaces also dry, but the underside of the swath and the soil it covers remain 
damp. Generally the crop lies undisturbed through tlje first day following that on 
which it was mown; and, if the weather is favourable, the swaths are turned on the 
second day. If, however, the atmosphere is saturated, turning may be deferred, 
but not so long that, the underside of the swath begins to yellow and decay. A 
second turning is commonly given on the next day, and, in the case of seeds, and 
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clover, this may be all that is done to the crop before it is collected into row and 
cocked. 

The swath turner is very efficient in the work of inverting the swath, and it is 



Fin. 147.— Swath Tuknf.k fob Hi due and Funuow Land, lilnrtins.] 

very expeditious, ft handles the crop gently; it is therefore suitable for turning 
clover, whereas the tedder is not. It should be adjusted to the widths of the two 
swaths and set just to run under the crop without striking the ground. The machine 
should follow the direction taken by the mower and turn the swaths butts first; 
hence a' right-hand cut mower needs a swath turner whose rakes move in clockwise 
direction. Some turners are, 
however, reversible. 

The Side-Delivery Rake.- - 
This machine was suggested 
by the judges of tho R.A.S.E. 
trials of haymakers at Dar¬ 
lington in 1895, but its manu¬ 
facture was not, taken up jn 
this country until about tfen 
years afterwards. It is both 
a hay maker and a collector. 

It collects over the width of 
two swaths, delivering th(? hay 

sideways in a continuous wind- F , (i hs.-Smom'kmvekv Hake. [Blachtonc.] 
row, which is in an excejleni 

state for drying. This windrow can be rolled over for further exposure, and later 
several such rows can be collected together for carting oi cocking. 

• , 

General Purpose Machines 

. i 

(a)*The Haymaker or Tedder .—There ar« certain defects in the action of this 
machine : its wheels run on the hay and the tracks are not moved; it cannot turn 
the swath over on to dry ground, as does the swath turner; and its movement is too 
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rough for work in clover hay. Nevertheless, farmers continue to purchase tedders. 
This machine can scatter the hay broadcast; it can break open heavy swaths that 



Fio. 149. —Hooded Tedder, [Bamfordi .| 

cannot be dried through by merely turning, and it can toss staddles, i.e. hay cocks 
thrown out for further drying. There should be a ratchet escapement to allow the 



Fio. 150.— Tedder adapted as Thistle and Charlock Cotter. [XichoUon.] 

e 

forks to continue revolving after the wheels have stopped ; this clears them of hay, 
which would otherwise fall and wind round the axle. The penetration of the teeth is 
adjusted by tilting the frame at the shafts. 
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(b) The Combined Side Rake and Tedder .—This is a side rake with reversible motion 
and sectional rake-bars. With all sections in place a nd the discs rotating in the clock¬ 
wise direction, the machine puts-up like an ordinary side rake. With the sections 
taken out it will turn swaths. With the sections replaced and the discs rotating at 
high speed in the reverse direction it acts as a tedder. On fairly uniform surfaces 
this machine does excellent service. It is, however, rather clumsy and requires 
gateways of proper width. 

(c) Blackstone’s Swath Turner .—The latest improvement of this machine is to 



• * 

Kig. 151. --Side-Delivery R\ke aravted \s a Swath Turner. [ Hamfords .] 


place one of the rakes a little ahead of the other, so that when the two are set to re¬ 
volve in the same direction, the first swath is thrown on to the second, and the second 
rake moves both sideways. This machine makes a beautifully light, airy windrow. 

CARRYING AN1) STACKING 

Hay is ready to carry wher^ it is uniformly dry to the stage when the coarser grass 
stems dill break across and the leaves rustle in the hand. The drying should not 
proceed so far that the leaves break, as these, the most nutritive parts, may be lost. 

Hay Loaders .—TJie type most adapted to English conditions is that with the 
reciprocating rake-bars. This handles the crop less gently than the endless-web 
type, but it gives less trouble in operation. # It will pick up the crop out of swath, 
but in this country it is used chiefly to load out of the windrow.. 

The loader is a machine that is applicable only on large farms ; as the load must be 

10 







146 


FARM IMPLEMENTS AND MACHINERY 


emptied with an elevator or horse fork ; two horses and three men are needed to load ; 
and three or four carts or wagons must be at work to keep it going. It loads in about 



Kio. 152 .—Hay Loadek attached to Cast [ Bamjords ,| 


ten minutes ; hence a gang sufficient to make full use of the equipment can clear and 
stack about 2 tons per hour or 16 acres per day. The vehicles should have hay holders 
to facilitate the work on the load. 


Hay Sweeps .—Where hay is stacked in the field, the labour of loading it on to 



Kio. 153. —Glasgow Hay Collector. [Wallace. I 


(Sarts may be saved by the use of 
some form of sw§ep rake. Home¬ 
made forms are seen in some dis¬ 
tricts, and where the hay is cocked, 
it is very easily collected towards 
the stack. One of the most useful 
simple sleeps is the collector. This 
is a one-horse tool that does not 
require folding to pass through 
gateways and is always ready for 
work, and it can by skilful manipu- 
lationjae loaded to carry about half 


a cart-load. It will collect out of windrow or out of cock, and even out of swath ; 


but to gather a good load the teeth have to be drawn back and again rurf under 


the heap: this throws the hay back on to the draught chains, which should be 
about ten feet long. The teeth, of which there are six, are about a yard long, and 




HARVESTING MACHINERY 147 


li feet apart. When used for cocking, the load is emptied by allowing the rake 
to tipple forward, and it rights itself. A little practice is needed to operate the 
implement so as to keep the teeth from digging into the soil. 



Via. 155 —HpME-MADB Arramuemekts of Horse Fork. 

* * 

The sweep rake is a two-horse implement with wheels and mechanism for lifting 
the teeth. Typically there are 12 teeth, 10 feet long and 15 inches apart. It carries 
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nearly a cart-load, and, requiring only one man, it is the most expeditious and the 
most economical means of carrying hay wherever conditions will allow of its 



Fio. 167. —Elevator and Horse Gear. [Roberta.] 


adoption. There is something to be said in favour of stacking in the field, as It saves 
time at a most pressing period and allows of the use of this class of .mplemen 

Horse Forks .—Unloading by hand is very laborious and often limits the pace of 
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the carrying operations ; it is particularly difficult after the hay loader. By means of 
a horse fork, however, a youth can send up the hay to the top of the highest stack 
in about 10 or 15 minutes, and the forkfuls can be deposited on the stack in the 
places where the stacker wants them. ' 

There are several forms of the fork, but 
the double-harpoon appears to be the most 
popular; the clip and the derrick patterns 
may be better for handling very short 
stuff. The elevating device maV vary 
according to the place in which the work 
is to be done. For work at stacks, a pair 
of long poles may be set up to lean over 
the stack like a pair of sheer legs, the pulley 
being attached to the top ; but the swing¬ 
ing jib is a useful addition. The single 
pole held with three or four guide ropes i« 
common in the Midlands. 

For work in a barn of suitable construction, a carrier-rail and carrier is the best. 
Some farmers work the fork suspended from a rafter. A factory-made outfit is, 
however, available which will work equally well at a stack or under a barn. This, the 
tripod form, is much easier to erect than the long-pole pattern. 

Elevators.—On corn-growing farms with sufficient acreage to justify the outlay 



Km. 15 !).—Kick Oahriek on Hiv Boms loaded Khln .\ 

* 

* 

a straw elevator is most useful, as it is suitable for hay as well as corn and straw. 
The elevator is better than the horse fork for work with a sweep rake, and it requires 
one man less ; it alsft deliverfithe hay in a fcrm better for stacking, the fork sending up 
large lumps that require spieading. The elevator may be driven either by horse gear 
or by‘a small portable engine. Different siifcs sire made, and pat terns can be had in 
which the hopper may be lowered to ground level to ease tin? work of the feeders. 
Two men are needed to (jeep the elevator in full work. 
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Rick Lifters .—In Scotch hay-making, the half-made hay is further cured in tramp 
ricks or large cocks containing about a cart-load, large or small according to the kind 
and condition of the hay at the time. These are built on a couple of bottles of straw 
to keep the bottom dry; and they remain in the field a fortnight or more, to be 



i'lo. lfiO,—S cotch Harvest Cart. [ Elder .] 


carried when all the hay has been made, the root crop has been dealt with, and the 
hay has cured sufficiently to be stacked. This method enables the best use to be made 
of the good weather for making without sacrificing 1c in the work of leading. 

For the carrying, two implements are made. The rick lifter is used to load the 
tramp ricks on to carts. The rick carrier is used for both loading and carting : the 
rick is wound on to it with a windlass. * 
















CHAPTER XII 

HARVESTING MACHINERY (continued) 

.CORN CROPS 

Ripening .—Pour stages o* degrees of ripeness are easily recognised : 1. The milky, 
in which the contents of the grain are fluid. 2. Yellow ripeness, in which the grain is 
waxy and may be cut through with the finger nail. 3. Fully ripe, when the grain is 
hard but the straw still yellow. 4. Dead ripeness, when the straw has become white 
and the nodes have shrivelled. 

During the milky stage the plant is transferring to the grain the nutriment present 
in the stem and leaves. This movement requires moisture ; a hot dry period at this 
stage hinders the filling of the grain, especially on light soils. In the yellow or waxy 
stage the principal change is the evaporation of moisture from the grain. The last 
parts of the straw to turn yelkn* are the neck and the nodes, the neck showing green 
during the waxy stage of the grain. In the final stages the materials in the grain are 
re-arranged, the glutinous parts moving towards the outside and the bran becoming 
thickened* the germ also completes its development. Possibly the roots function 
till the end, supplying the moisture necessary to translocate the gluten and salts from 
the interior to the exterior of the grain. 

Time of Cutting .—In a fast ripftiing season the crops quietly pass from the yidlow 
to dead ripeness,and where large areas are concerned it is necessary to begin the first 
field of wheat or oats on the'early side. Few farmers have occasion to regret starting 
too early. Ordinarily wheat ano oats are best cut when yellow ripe, the green having 
just gone from the neck. Malting barley is allowed to become dead ripe, the ears 
turning down, the straw showing white, and the gfain* being hard and wrinkled. 
Wheat and oats for seed Ihould not be cut until the? ripe Stage. Dead ripeness in the 
case of these two crops, however, involves the risk dl shedding and losing the best of 
the saipple. Beans are ready to cut when the hilum or line on the seed has turned 
black, the lower leaves having fallen off. 

Length of Stubble.—The extra straw gaiped by close cutting may be worth the 
additional draught «nd inccyivenience in certain districts; but ordinarily a 4-inch 
stubble is short enough : itpnay be left longer when desirable to avoid tying up green 
stuff fa the butts of the sheaves. The opwalidn of the tilting lever affects the length 
of stubble, and if the platform has to be run level or with a .backward slope, short 
cutting is impossible. 


1st 
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Size of Sheaf .—'The weight of a sheaf depends on the ripeness and dryness of the 
crop, and on the length of the grain. Average good wheat-sheaves weigh when dry 
about 10 lbs. and oats about 8 lbs. each. This size of sheaf is about 12 inches 
thick and requires about 3£ feet of twine. ‘ 

A crop of wheat yielding 4 qrs. of firsts grain and 30 cwts. of straw would produce 
about 550 sheaves of 10 lbs. each per acre ; while one of oats at 6 qrs. and 30 cwts. 
of straw would yield 700 sheaves of 8 lbs. each per acre. Cutting with a 6-foot cut 
the wheat sheaves would fall about H yards apart and the oats about 3| yards from 
band to band. , t ' 

Binder twine measures some 600 feet per pound (Sisal, 500 ; pure Manilla, 650); 
hence at 42 inches per sheaf the above? wheat crop would require 3 lbs. and the oats 
4 lbs. of twine per acre. A ball of twine weighs about 5 lbs. 

The size of sheaf is varied according to the condition of the crop ; smaller sheaves 
are made to facilitate drying,“but they involve more labor* in stooking and housing 
and use more twine. In wet districts the 5-lb. sheaf is common. 

SELF-BINDERS 

The self-binding reaper developed from the self-delivery reaper. In the 70’s the 
sheaf was bound with wire, but there were obvious objections to this. The use of 

string had been tried as early as 
1851; but the Appleby and the 
Wood knotters produced about 
T379 were the first successful 
string-tying devices; and the 
former remains the standard 
model to this day. Should the 
price of twine become prohibitive, 

, straw binders, which were intro- 
' duced in 1889, might be adopted. 
« 

Order of Operations 

The workings of the binder 
are admittedly complex, but they 
their proper order. Briefly the 

mechanism works as follows 

1. The reel divides the uncut crop into bunches, laying each in turn over the 

knife and on to the platform. ' 

2. The platform canvas carries the cut grain sideways to 

3. The elevating canvasses, which lift it over the driving-wheel and deposit it at 

the top of the binding deck or table. t . 

4. The grain slides down the deck and on to a laid length of twine until it is 
arrested near the bottom by the compressor arm. Against this it is packed by three 
packers until a bundle large enough for a sheaf has been fqrmed. 



Fro. 161.— Self-Binder. , [Harrison, McGregor.] 
are not difficult to understand if studied in 
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5. The pressure of the formed sheaf against the arm itself or upon a separate 

trip lever releases the binding mechanism. The amount of pressure necessary is 
predetermined by the adjustment of a spring connected with the trip lever or 
compressor. • 

6. The needle moves forward, and, carrying the twine round the top of the sheaf, 
lays it over the knotter bills and into the twine retainer. The sheaf is now encircled 
with twine. 


7. The knotter now ties the knot (in a manner to be described later), the discharge 



Fin. U12 .—Diagram showing Single-Hand Lever for Movement of Heel; Foot-Catch to assist 
Reel Movement; Tilting Lever; Lever for shifting Knotter; Handle for shifting 
Bettor ; and Forward Position of elevating Canvasses [ Harrison , McGregor .] 


arms throw the sheaf off the deck, the twine being cut in the same movement, and 
the operation is complete.' 

Manipulating the Self-Binder 

• 

The binder has become standardised in working principles ; and the differences 
between one make and another are in details only. All are efficient while new ; 
and the draught of a%ew binder is less than that of one that has had wear and become 
strained in its bearings. \ 

In the manipulation of the binder in the field there is scope for considerable 
skill, apart from the correction of mechanical troubles and the adjustment of the 
working parts. The operator aims to make the machine cut the grain without loss, 
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tie sheaves with straight butts, and place the band in the right position according 
to the length of the grain. Straight-butted, well-tied sheaves are discharged from 
the binder more freely than rough ones ; they are less likely to slip out of the band 

in stocking and pitching; and they 
build neater and more secure stacks. 
The attainment of this result is not easy ; 
it depends on the manipulation of the 
reel, the setting of the platform, and the 
movement of the knotter and the buttor 
board. The guiding principle is to have 
the grain arriving at the compressor arm 
with the heads and butts in line with 
each other. 

1. The Reel:- In a standing crop the 
vanes or slats should strike the grain 
just, below the ears and not leave contact 
until it has been cut and is falling towards the platform. • The spindle of the reel is 
in this case almost vertically above but a little ahead of the knife points ; and it 
is levered up or down with the varying height of the crop. In a very short crop it 
is necessary to lower the reel as far as practicable in order to lay the cut grain back 
well on to the platform. 

If the crop is leaning away from the knife, the reel must be, pushed forward and 
dropped so that the slats may be able to lift and 0 dress the crop before the knife 
reaches it. This is admittedly a difficult condition in which to make straight sheaves, 
at the grain tends to mount the 
elevators butts first. 

In cutting a side where th<i crop 
is leaning towards the knife, the reel 
is moved back and lowered : but in 
this case its duties are light. 

The reel should not be lowered 
so far that the; vanes may strike the 
knife guards when the' bipdeV jolts, 
as in crossing a furrow. Binders 
wider than fi feet should have an 
outer reel support. 

2. The Platform and Tilting Lever. 

—Ordinarily the platform is run with a very slight inclination towards the knife. 
It is supported on the grain wheel at the outer end and may be raised or lowered 
by turning a handle. At the inner end- it is attached to the irame, with which it 
may be similarly raised or lowered on the main wheel by means of a handle. 
The finger bar and the fore end of the platform are raised or lowered with the 
tilling lever. 

The object of altering the slope of the platform is r to control the sideways 



Fiu. 104.- Bind Kit, Adjustment for Long (Jkmn. 
| Mawey-Harris. \ 



Fig. 163.—Showing Movement of tlEEL and 
Setting for Laid Crop. [Mawy-Harris. \ 
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movement of the cut grain. The ears reach the canvas sooner when the platform 
is sloping forward than they do when it is level or tilted backwards. Raising and 
lowering the finger bar also alter the height of cut. 

When the grain tends to mount the <elevators heads first as it does with heavy- 
headed somewhat immature crops—the platform should not run with a forward 
slope. It must be dropped to the lower notches and tilted upwards somewhat. 
This will delay the arrival of the heads on the platform canvas. If, however, the 
grain tends to mount butts first or to slip towards the back of the binder—ns with 
dry, long-strawed, and laid crops—the platform must be tilted forward, raising it 
on its supports to obtain sufficient slope. In laid crops tin* finger guards have to 
be tilted close to the ground. * 

Short grain is sometimes troublesome on account of its tendency to reach the 
binding deck heads first and to accumulate in the fore end of the deck. The operator 
may then be unable to ’prevent 
the machine placing the band too 
near the heads. In this case the 
platform should be dropped to its 
lowest notches and cords should 
be tied at one end to the outer 
divider so that they lie under the 
heads and retard their movement 
with the canvas. The steel strip 
or “ retarder ” on the platfortn 
canvas is insufficient in this case. 

The reel should, as already mep-' • *'“*• Short <ixm. , 

* mned, be lowered and pulled 

back so that it sweeps the Put grain well on to tly> canvas. In other cases the 
butts should be left near the edge yf the platform. 

3. The Binder Shifter and Bailor Board- The buttor board at the fore en'l of 
the deck is actuated with a movement to cause the grain to slide down to the packers, 
while its extension board is intended to straighten the butts as they accumulate to 
form a sheaf. The buttor is movable to accommodate long and short grain : it 
should not, however, be moved as the means of altering the position of the band. 

The binder deck and the binding attachment may be mo\ed forward for short 
grain or backwards for long, in order to lay and tie the band in the middle ol the 
sheaf. The range of movement is about a foot, wlifch is sufficient for variations in 
length pf crop from 3 feetitofi feet. If the buttor is pulled back instead of moving 
the table forward for short grain, the butts will be made slanting. If a wind board 

is fitted it is turned out of the way for long grain. 

* 

• » 

, Accessories and ^Attachments 

Opening mil Divider.— The approved method of preparing*a field for the binder 
is to open out a track rgund the outsides with a scythe and tie the grain by hand. 
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The comers are widened for turning. .In some cases the headlands and sidelands 
are sown with tares to be cut for soiling before corn harvest. 



Fiu. 1 li(i.—OrE.MNu out Divider. \Ilarrimn, McGregor.] 

Some farmers consider the delay and cost of opening out by hand greater than 
the value of the corn it saves, and go straight into the field, as in mowing. To prevent 
the bull wheel rolling down the corn, a special divider may be fitted. 



Fig 167.—Large Sheaf Carrier. [Harrison , fycGregor.] 
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Sheaf Carrier—A. small carrier to hold one sheaf is useful, saving the labour of 
moving the sheaves dropped at the corners. Messrs Harrison-McOregor fit a clutch 

with which the binder head can be thrown 
out of gear and prevented from casting a 
sheaf at the corners. 

The large carrier holds three sheaves; 
its purpose is to reduce the labour of 
stooking. 

Ear Lifters.- -These, which can be at¬ 
tached to any make*of binder, are useful 
Fio. 1U8.-E.jr to'riiits^ in Position. when (sitting laid crops and necked barley, 

enabling the machine to cut all round the 
field. Clips are bolted on the linger bar ; into these the lifters are slipped when it 
is necessary to use them. ' Each lifter has a sleeve fitting over a finger for support, 
and a spring allows it to rise over obstructions. The upper rod is adjustable in 
height. A 5-feet binder requires four, and a 6-feet machine five lifters. 

Pole Carrier. —As the weight and lashing of the pole on the necks of the team 
cause fatigue and even injury— if their collars arc not well designed—the pole 
carrier is a commendable attachment. It is all the more necessary in binders that 
are “ heavy-on.” The swivel wheel bears the weight of the pole and of the fore 
end of the binder ; the hinged fore end of the pole takes up any lash. 

Fore-Carriage.— This serves three 
purposes. (1) It carries any Clown- 
thrust of the fore end of the binder, 
and saves the necks of the horses at the 
corners. ( 2 ) it saves time by enabling 
the machine to turn square’ corners 
without backing. (3) It takes up. all 
side draught, such as arises ‘ when 
three horses are hooked abreast. The 
axles are cranked and connected with 
levers on the pole, which cause the 
wheels to turn with the pole; and 
when the team moves on. the binder 
swivels round on the bull wheel and 
comes into position for the next 
cut. » * * 

Three-Horse ■ Y oke— Side Draught .— 

With a pair of horses, one on each 
side of the pole, thb line of draught coincides with the centre of the pole. If 
the machine is properly balanced, and if the grain wheel and the cutting mechanism 
are in* correct adjustment, there is ordinarily no side draught. But when three 
horses are hooked abreast, two must be on one side of the' pole. Various con¬ 
trivances have been designed to overcome the tendency of the pole to turn towards 



Fiu. 169.— Polk ('»rrilk and Point. | Wtilhicr .} 
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the corn, but it cannot be said that any of them is quite satisfactory. The best 
solution is the fore-carriage. 



Fig. 170.—Binder Fore-Carriage. [Harrison, McGregor. \ 


Draught of Binders' 

The draught of a binder fluctuates greatly durifig work, being about double during 
the tying and discharge of the sheaf of what it is during the gathering of the bundle. 
It is this fluctuation that fatigues the team, especially in cutting a heavy crop on 
soft land : under these conditions the machine cannot gather way to carry it over the 
point of greatest resistance. 

Eleven binders tested on a‘rank crop of oats at Niddrie Mains, Edinburgh, by the 
H. k A. S.S. in 1894 gave an’average draught of 5 cwts. for average cut of 49 inches, 
the lightest being 4J cwts. and 0 the heaviest draught 0} cwts. Since that date the 
running has been lightened by fitting roller bearings and sejf-aligning boxes ; but the 
width of cut has been increased to 6 feet. „ 

A draught of 5 cwts. at d pace of 1| anile per hour would be hard work for a pair 
of horses ; and they would have completed a full dayhorse werk in 6 hours. But 
the fluctuating draught fatigues them in a shorter time,; and three horses may be 
very tired after a full day in the binder.., 

The empty running draught of the binder is about one-tenth of the weight of the 
machine, varying according to the condition of the ground ; roughly it is about 11 
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- cwt. If, therefore, the cutting and tying mechanism be driven by an engine—the 
weight of which, of course, increases the draught—the task of the team is lightened 
by about 3 cwts., and the objectionable fluctuation is borne by the engine. On these 
principles the use of the binder engine is commendable. There are, however, diffi¬ 
culties in its adoption : the engine has to be mounted on the frame of the binder ; 
it must be air cooled ; and the expense of fitting each binder with a motor is a serious 
consideration. 


3 

TS 





Adjust: 

1. Threading the Needle and Knotter.—It is usual to have two balls of twine in the 
can ; the outside end of the top ball is tied to the inside (labelled) end of the bottom 
ball, the knot being drawn tight and-the ends cut off short. The inner end of the top 
ball is led through the lid, through the tension 
clip and the guide rings to the throat of the 
needle, up which it passes and comes out at 
the point. About two feet of twine are now 
drawn out and pulled firmly against the com¬ 
pressor arm, while the trip lever is depressed 
and the discharge arms are turned through a 
revolution. During this revolution the needle 
lays the twine into the retainer. Pull out the 
waste length of twine, which has a single knot 
on the end, and the operation is complete. 

rn i• rr ■ nn •! .1 , ,1 ■ t’io. 171.—Nimmo Mechanism. 

2. Tension oj 1 wine. —While the bundle is [iUmey-Harria.] 

being packed, the twine is held at the end A — Compressor arm : may be adjusted Mi¬ 
ll! the retainer in the knotter head and >’ f sheftf h >' movir >K “ lt,J different 

gripped by the tension rollers on or near b -Trip lever. 

the twine can. When the needle moves C-Tripspring : tightness of sheaf is varied 
back after laying the twine over the bundle by tum ' nt ’ tho nut ' 

and upon the knitter bills, it (J draws a length through the tenison rollers. 

If the rollers allow the twine to pass too freely, the band will be loose and may not 
be laid straight round the bundle. On the other hand, if the rollers grip the twine 
too tightly, it may be either torn out of the retainer or it njay’break, especially when 
a knot or a thicker part of the twine comes against the rollers. But in any case, too 
much tension wears the needle and the knotter. The proper tension is between 
6 and 12 lbs. Tension is adjusted by turning a nut*which eases or compresses the 
spring that- controls the prossifte between the tension rollers. 

3. Tightness)of Sheaf. —After adjusting the twine tension sufficiently to make 

a straight band, any further tightening needed must be effected not by increasing the 
twine tension, but by' increasing the pressure required to set the binding mechanism 
in motion. •, 

In Some machines, e.g. the Deering and the SlcCormick, the compressor arm itself 
' serves as the trip lever. When the pressure of the sheaf agaifist this arm is 12 to 
24 lbs. according to settipg, the trip-spring supporting it gives way and the arm is 




Fid. 172. 


Spring Tension kok Platform Canvas. 
I Masneij-IInrris. ] ' 
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pressed back. The arm in moving back.throws the tying mechanism into gear. Now, 
by screwing down the trip-spring so that it does not yield until greater pressure is 

applied, a more tightly packed bundle 
is tied. 

In other binders — Adriance, 
Albion, Hornsby, Massey-Harris, and 
Wood—the compressor arm is not 
the trip lever. The latter is a tongue 
projecting through the deck under the 
' sheaf. It is likewise supported by an 
adjustable trip-spring, and on being 
depressed by the weight of the bundle, 

it similarly lifts the stop arm that holds the tying mechanism out of gear. 

Generally speaking, a tight, s*Jieaf is also a heavy sheaf. The separate trip lever, 
however, acting moTe by the weight of the sheaf, will release a heavy wet sheaf without 
necessarily tying it tightly. 

4. Size, of Sheaf. -The size of the bundle is varied by sliding the compressor arm 
in its bracket towards or away from the packers, the latter to make a larger sheaf : 
this reduces or increases the accumulating space. If the machine has a separate trip 
lever this also may be adjusted : raised at the end to make smaller sheaves and 
lowered for larger sheaves. It ceases to operate if placed lower than the binder deck. 
Tightening the trip-spring also increases the size of the sheaf. 

5 Canvasses. —Canvasses should run buckles fifet and the slacker they will work 
without slipping, the lighter the draught and the less the wear on their bearings. 
Canvas, as is well known, shrinks on damping ; hence it is necessary to have and make 
use of means of relieving the tension. If the adjustment is by lever, thik should be 
released on ceasing work (or the 
night; without lever or spring ten¬ 
sion the buckles must be loosened. 

It is essential that the aprons be 
buckled evenly, otherwise they will 
creep towards the tighter side and 
perhaps break the slats., Sometimes 
the roller frames become ^ distorted ; 
if the diagonals are unequal they can 
be equalised by adjustment of the 
brace rods. 

6. Other Adjustments. — The 
snrocket wheels must be'in proper* 

line with each other and the chains, if of the malleable link type, should run hooks 

first and with the open side of the hook outwards. ,• ... , 

The outer or grain wheel should'have a slight lead towards the pole ; if »t bears 

towards the grain it will cause side-draught. , YT 

The cutting mechanism should be examined, as explained in Chapter XI. „ 



Fig. 173.'—M*ain Chain Tightener. 
[ Harrison, McGregor.] 
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7. Lubrication .—The principles given under the heading of mowers apply also to 
.binders. It is necessary to emphasise the importance of using good oil, especially 
for lubricating roller bearings, with which good 
binders are fitted ; and new machines require 
extra oiling. The parts to be specially mentioned 
are the bearings at the ends of (1) the cross-shaft 
(which is driven off the main-wheel sprocket); 

(2) the crank shaft (which is parallel with the 
main wheel, and drives the knife at the fore end 
and the chain sprocket at the rear) ; (3) the 
connecting rod. The tying mechanism, >thq 
canvas roller journals, and the main whael should 
not be omitted. The main chain gathers dirt if 
lubricated. * 

8. Storage .—The cutting mechanism should 
be treated as for mowers. The canvasses should 
be removed, have the straps treated with harness 
oil, and stored in a dry place away from mice. 

The knotter, retainer, and other bright parts 
should be vaselined. 
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dog and the machines tie miniature bundles. This also sometimes occurs when tying 
a rough crop, due to the discharged sheaf becoming entangled with that being 
formed. 



N = Nee<Ue. f Tw—Twine. 

(- — Compressor Arm T = Trip LGvor. 

R — Twine Retainer. K — Knotter Bills. 

8=Sheaf. * 

The sheaf is bound by a series of movements occurring during one revolution of the 
binder shaft:— . , • 

(1) During the packing of the sheaf the twine is held- at the end by the retainer 
and passes over the knotter bills, under *ihe grain, and to the needle point. *' 

(2) When the trip lever is pressed the needle is caused to move forward and lay the 
twine over the grain, over the knotter bills, and into the retaiper. 
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Fiu. 


177. Showing Knitter Bills when 

BEGIN NINO TO MAKE THE LOOP. 


(3) The bills make a revolution, windirfg upon themselves a loop, then opening 
and grasping the two strands held by the retainer. 

(4) When the sheaf begins to move 
away under the pressure of the dis¬ 
charge arms, it pulls the first loop 
over that held in the bills of the 
knotter and completes the knot. 

(5) A knife severs the twine be¬ 
tween the retainer and the bills; the 
short end falls out, while the other 
“is held; the sheaf drops on the 
ground butts first and the needle 
recedes below the platform. 

If* the machine habitually throws 
out untied sheaves, something is 
wrong in the adjustment of the 
twine or with the knotter. The usual causes are: (1) the twine tension is too 
great; (2) the twine retainer is too loose and fails to hold it while the knotter 
bills are revolving; (3) the knotter 
spring is too loose and the bills allow 
the twine to slip out. of their 
“ mouth ” ; or (4) the twine knife 
is dull. Adjustments are provided for 
twine tension, the retainer, and the 
knotter bills. The knife should be 
kept sharp “by the use of the oil¬ 
stone. By examination of the ends 
of the band round the untied fheaf 
an expert can diagnose the cause of 
the trouble. * “ 


11—Twine Retainer. 


S—Sheaf. 



Fig. 178.—Hook Knotter formerly used in 
Wood Binder. | W . A . Wood .\ 


* THE POTATO CHOP, 

> • 

Time of Lifting.— Potatoes intended to be kept ii\ clamp should not be lifted until 
the top rosettes of leaves have died down and the skips of the tubers are firm. 

The Potato Plough .—A lea plough may be used to invert potato drills, but more 
commonly a double-breastfed plough is fitted with prongs before and behind to split 
the ridges. The breast prongs are rather wide, and allow; soil and the smaller tubers 
to fall through ; the rear prongs are closer together, and should separate the smaller 
tubers from the soil. • 

Although useful, the potato plpugh is not a vpry great labour saver, and its useful¬ 
ness is limited to light free soils. Its defect is that it does not leave the tubers all 
uncovered, and they have .to be scratched for. To keep the impfement at work about 
thirty boys are required for the picking, and the area lifted per day would then be 
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2^-3 acres. The draught is comparatively light—about 4 cwts.—and the implement 
does not damage the tubers. 

Potato Diggers .-—The old high-speed spinner did considerable damage to the tubers, 



Fig. 179.—Potato Plough. [Cooke.] 


threw them over a wide space, and required the potato tops pulled before it would 
work well. The modern machine has slower speed, gentler action, and does not throw 



Ffo. 180. —Potato Digger. j 

the tubers so far. It will also work without the tops? having tieen pulled; except 
that in growing crops with large entangled haulms, it may be necessary to fix a disc 
coulter to cut through them. 

The improvement of the potato digger is probably due to the German firm Harder 
of Lubeek, who introduced the feathering motion of the forks. In the Harder machine 
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the forks have each a shaft, all the shafts working in a ring placed to one side of the 



Km. 1SI- Potero Dkkiek. \Htmmiuex .| 


spindle. The effect is to keep the tines practically vertical throughout their rotation. 

In the British machine the same eifisct 
is produced by the use of a second 
rotating drum. The setting of the 
tines may be adjusted to suit the wjirk. 

Thedraughtof aRansoines’ digger in 
medium loam at Garforth (in the 1919 
trials conducted by Leeds University) 
was 590 lbs.; twenty-one pickers were 
required^; an acre was cleared in 141 
minuses, aijd the proportion of damaged 
tubers was only 3 per cent, of the crop. 
The new machine is lighter in weight. 

The American type of digger, re¬ 
presented by the Hoover, was also 
tested at Garforth in 1919. Its average 
I draught was 952 lbs.; it required sixteen 
pickers, and the time taken to lift an acre 
was 168 minutes. The proportion of damaged tubers was 1\ per cent. In this machine 
the potatoes are lifted by a shovel and pass up an elevator, through the meshes of which 
the Soil falls while the tubers are deposited in a line at the rear. It leaves the tubers 



Fig. 182. —Potato 


OR {"SEPARATOR. \JuH\) ' 
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handy for picking, but its draught is heavy, and at Garforth it damaged a high 
percentage of the crop. 

Potato Sorters. - The. harp or potato separator is extensively used north of the 
Border, but uncommon in some of the potato districts of England. The division of 



Km. 1K3. —Potato SoirriNii Machine with Rotary Screen. \ MUmjlon .\ 


the tubers into sizes is, of course, effected by the use of riddles of suitable mesh. In 
Scotland the Ij-inch riddle is used to separate the chats and the I jj-inch for the ware : 
sometimes, however, U-inch and 2J-inch meshes are used. The mesh has to be varied 
somewhat according to the shape of the tuber. 

Sorting Machines .—The oscillating pattern is made, by several firms and gives 
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satisfaction. Messrs Edlington's machine has a rotary screen whirls sorts the crop 
into three grades ; the chats and seed fall through the screen, while the ware is de¬ 
livered into an elevator at the end, from which it falls into the bajV. Different screens 
are used to give different sizes of ware and seed, the two halves of the cylinder being 
separately changeable. • * 

The machine maybe driven by a small engine, if reducing gear is fitted, the speed 
of the screen being about the same as that of a root cleaner., « 








CHAPTER XIII 

ELEMENTARY MECHANICAL PRINCIPLES 

Force.— When a “ body ” is at rest it .will remain stationary until acted upon by a 
“ force ” that moves or tends to move it. When a body is in motion it will continue 
to move at the same spev.d and in the same direction until acted upon by some force 
that causes it to change its speed or direction of motion. Force is thus any cause 
that, acting on a body, changes or tends to change its state of rest or motion. 

There are different kinds of forces. For instance, steam exerts a force of pressure, 
on the piston ; the horse exerts a pull or tension on the draught chain ; the force of 
attraction causes “ cohesion ” in the soil and accounts for the phenomenon known as 
capillarity. The force of cohesion is important in agriculture, as it largely determines 
the magnitude of the force that must be applied to implements used in breaking up 
the soil. 

Force is measured in pounds. When it is stated that a horse can exert a force of 
200 pounds, it is meant that the pension created in the draught chain is the same as 
that which would be caused by suspending a weight of 200 lbs. vertically. In practice 
the farm* horse has frequently *to exert a much greater force than that, but only for 
short periods. Thodraw-bar pull of a tractor may be anything between 1000 and 5000 
lbs., according to the weight of the tractor and the nature of the gripping surface. 
This docs not mean, however, tluft the horse-power is 5 to 25. Power is not the same 
thing as force. • A tractor with a draw-bar pull of 1000 lbs. could have the same power as 
another whose draw-bar pull was even so great as 5000 lbs. The meaning of power will 
be explained later, but it may be mentioned here that the tractor with the greater draw¬ 
bar pull would be capable of pulling a plough cutting five times the width of the other. 
If the power of the two tractors was the same, however, the one with the greater 
draw-bar pull would only be capable of travelling a*t one'-fifth the speed of the other. 

Mechanical Work.— When a force is stationafy it is not doing work. There 
may l;e a pressure of 200 lift, per square inch on the walls of the boiler of a steam- 
engine, but until the steam is admitted to the cylinder and causes the piston to move, 
no work is done. When the steam causes-the piston to move, the amount of work 
done by the steam tin the piston is measured by the total pressure on the piston and 
the distance the piston moves, i.e. the length of the stroke. 

Work is measured in pounds*of force anchfeet of movement. When a force moves 
’ a body a distance of one foot against a resistance of one pound, the amount of work 
dose is said to be a “ foot-pound.” Thus, if a man hauled a weight of 100 lbs. to a 
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height of 18 feet, he would have performed 1800 foot-pounds of work. And if 
a team pulled a plough from one end to the other of a furrow 220 yards long, the 
plough having a draught of 600 lbs., the work done would be 660 feet x600 lbs. 
—396,000 foot-lbs. 

Power. —Power is the rate of performing work, and it is measured by the number 
of foot-pounds of work performed in a given time. The customary standard adopted 
is the mechanical horse-power. The use of this had its origin in the early days of the 
steam-engine. James Watt’s engines took the place of horses, and in order to be 
able to gauge the power of engine necessary to substitute a given number of horses, 
he ascertained the number of foot-pounds per minute that horses were capable of 
performing. Watt adopted a performance of 33,000 foot-pounds per minute as the 
power of a horse.; and this has continued to be Jhe standard horse-power in most 
countries. 

The 33,000 foot-lbs. may Ire made up by any multiplication of force and speed 
(distance -: time) which will give that number. Thus a draught of 250 lbs. at a speed 
of 132 feet per minute (i.e. 1| mile per hour)=250 lbs. Xl32 feet-:-33,000 foot-lbs.— 
1 h.p. Likewise, a draught of 60 lbs. at a pace of 550 feet per minute (6} m.p.h.) = 
1 h.p. 

The term horse-power has several special applications : nominal h.p., indicated 
h.p., brake h.p., rated h.p., and draw-bar h.p. The meaning of each of these terms 
will be explained in connection with the engines to which they refer. 

Energy.— Although it is very difficult to define what energy actually is, some 
conception of the scientific meaning of the term is ufceful to anyone who desires an 
intelligent understanding of the working of engines and motors. Energy is mani¬ 
fested in different forms, such as the motion of a body, heat, electricity, light, and 
chemical change. It may be transformed from one into another manifestation ; but 
it cannot be destroyed; neither can it be created. Motion, for instance, can be 
converted into heat, and vice versa ; and electricity can be converted into heat and 
light'or motion and heat. But when account is ffikfen of all the forms into which 
energy is changed, the total of the separate forms amountg to the sarii«as that origin¬ 
ally begun with. 

The energy possessed by or stored in a body can be measurgd. A hundred pounds 
of water situated 10 feet above the level to which it can fall possesses energy equal to 
1000 foot-lbs. of work. If that water were transferred to a theoretically perfect 
water-wheel it would raise, say, a* weight of 50 lbs. to a height of 20 feet, or wind 
a rope through a distance of 40 ffset against a resistance'of 25 lbs. (In practice an 
efficiency of about 80 per cent, is all that can be obtained .in the harnessing pf the 
energy contained in a head of water.) . 

The energy contained in fuels is measured in terms of the amount of heat that 
a pound of the fuel is capable of generating. A poun<h of good* coal, for instance, 
when burnt under conditions that avoid loss of heat, wiljf raise the temperature of 
about 14,000 lbs. of water by 1° Fahrenheit, or 1401W. by 100°. The amount of heat 
required to raise the temperature of a pound of water by 1° is termed a British 
Thermal Unit (B.Th.U.). The heat or “ calorific ” value of a pound of such ooal 
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is. therefore, 14,000 B.Th.U. The actual calorific value of different kinds of coal is 
a matter of importance to the large user of steam-engines. 

Fuel Efficiency.— Work energy can be transformed into heat energy. The 
actual relation between heat and work has been determined, and engineers adopt 
the rule that 778 foot-lbs. of work are equivalent to one B.Th.U. of heat, and rice, 
versa. If therefore the whole of the heat energy contained in a pound of good coal 
were transformed into work, it would be capable of 778x14,000 foot-lbs. of work. 
The expenditure of energy at the rate of 33,000 foot-pounds per minute represents 
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1 h.p.; hence the perfect combustion of a pound of coal per minute would yield 330 h.p. 
One pound of coal would run the theoretically perfect Aigine of 5| h.p. for one hour. 
Similarly a pound of petrof with a calorific value of 19,000 B.Th.U. would drive the 
perfect engine of 7£ h.p. for one hour : in other words,the perfect petrol engine would 
require %bout J lb. of petrpl («=| pint) per h.p. per hour. In practice the fuel re¬ 
quirement is several times as great 'as the above figures, owing to the low “ fuel 
efficiency ” of engines. If a petrol engine required f lb. t)f petrol per h.p. per hour, 
its fuel efficiency would be abqut 20 per cent*. (2545 B.Th.U. = i h.p. hour). 

Machines.— In mechanics a machine is a device for receiving energy, modifying 
it, and flelivering it in some fornf or place mefe suitable for the purpose required. 
*For instance, suppose that the energy contained in paraffin oil is required for the pur¬ 
pose qf chopping fodder. Firstly, the energy is received by a machine that transforms 
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heat energy into that of rotary movement. Then, as it is not convenient to fix knives 
to the fly-wheel of the engine, the energy of the wheel has to be transmitted to the 
place where chopping may conveniently be performed ; and in transmitting this 
energy it may be desirable to reduce the speed and increase the force factors or vice 
versa. Lastly, a machine is required that can receive the energy transmitted by the 
machinery of transmission and apply it to the ultimate object of cutting the fodder 
into lengths. The above example illustrates the fact that there are three classes 
of machines 


1. Engines or Motors .—These receive the'energy from a natural supply, and 



Fig. 186.—Arrangement of Bars Machinery. 
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transform or modify it into a* form in which it can be transmitted or handed over to 
another machine. In wind and*water engines the naturaf supply of energy is already 
in the form of motion, and the Aiotor merely receives and hands it over to the machine 
next in the series. In motors receiving their supply of energy from the combustion 
of fuel or food—steam-, gas-, and oil-engines, and animals—the heat energy has to be 
transformed into the energy of motiqp. 

2. Transmission Machines.— These Receive the energy liberated by the prime 
mover or motor, modify and deliver it in the form of motion to the machine specially 
concerned in the performance of th'e operation dfeired. Under this heading come 
chain, belt, and rope drives, wheel gearing of different kinds, cable haulage, and* 
electric, hydraulic, and pneumatic transmission. As frictifm absorbs so great a part 









ELEMENTARY MECHANICAL PRINCIPLES 171 


of the energy put into machines of transmissiop, the subject of lubrication is of special 
importance in this connection. 

3. Work Machines.—These are the machines that perform the useful work for 
which they are specially designed. Drills, distributors, mowers, thrashers, grist 
mills, etc., come within this class. 

Some machines represent a combination of two classes of machine. The tractor, 
for instance, combines a motor with machinery of transmission—the gearing between 
the engine and the drive wheels. The mower is an example of a combination of trans¬ 
mission and work machines : the road wheels not only transport the mower, but they 
also change the horizontal motion of th'e team into rotary motion of a much higher 
speed and transmit it to the pitman and cutting mechanism, which is the actual work 
part of the machine. , _ , 

Machines and Implements.— The distinction between a machine and an imple¬ 
ment is not recognised in mechanics. In mechanic*} ally contrivance for modifying 
energy is a machine. The lever and the inclined plane are machines in this sense. 
The crow-bar, for instance, enables a force of, say, 20 lbs. moving through a distance 
of 2 feet to move a weight of 160 lbs. a distance of 3 inches, assuming no loss of energy 
by friction. The energy applied at the long end of the crow-bar (40 foot-lbs.) is 
modified from a small force and large distance into a large force and small distance, 
the total quantity of energy remaining the same, viz. 40 foot-lbs. The xolieel and axle. 
and the pulley are modifications of the lever, while the wedge and the screw are 
modifications of the inclined plane. These six contrivances constitute the simple 
machines of mechanics. In the Mechanical sense, therefore, a plough is a machine, 
because it works on the principle of the wedge, the inclined plane, and in some cases 
the screw. 

In farmlnplanguagc the terms “ implement ” and “ machine ” are used somewhat 
indiscriminately ; but there is sufficient agreement as to which appliances are machines 
and which are implements to enable a distinction to be made between the two classes. 
Implements have no transmission lhechanism between the source of energy and the 
working parts, ffhe energy applied to the implement is communicated directly to 
the working parts without modification in speed or direction of motion. The body of 
the plough, the teeth of the harrow or of the horse rake, and the cylinder of the roller 
receive the force and direction of motion of the team and act upon the land or crop 
with the same force, over the same distance, and at the san-e speed as that com¬ 
municated to them from tfie team. * * 

Machines have mechanism of transmission between the motor or team and the 
working,parts, A clover-seed harrow is a machine, because a part of the energy applied 
to the wheel is separately transmitted (usually through gearing and shaft) to the feed 
brushes, which are thus given a rotary movement. Mowers, side-delivery rakes, 
thrashers, cake-breal#ers, and (lie like are obyiously properly termed machines. 

Mechanical Efficiency?.— Machines do not save energy or work in the mechanical 
sense. 'They enable the energy of fuel or fodder to be used in place of that of human 
’food, and have various other practical advantages; but the amount of energy de¬ 
livered by a machine is always less than that put into it. Even in the case of simple 
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machines operated by man power, sucfy as pulley blocks, the machine itself occasions 
loss of work-energy. If, for instance, a bag of com weighing 100 lbs. had to be lifted 
from the ground floor to the granary 9 feet above, the work of hoisting it direct on 
the end of a rope would amount to 900 foot-lbs. But if the hoisting be done by means 
of a rope passing o^er a single pulley fastened to a rafter, the energy necessary to hoist 
the bag would amount to about 950 foot-lbs. The extra 50 foot-lbs. are required 
chiefly to overcome the resistance of friction in the pulley itself. If a Weston block 
be used, a form that does not allow the load to run back, the pull requisite to cause 
the bag to ascend may be only 5 lbs. ; but the total amount of energy to be expended 
in raising the load through a vertical distance of 9 feet would be about 1800 foot-lbs. 
The actual energy delivered by the block is only the 900 foot-lbs. for an expenditure 
of 1800 foot-lbs. The “ mechanical efficiency ” of the block is, therefore, 50 per cent. 
That of the simple pulley, which delivers 900 fobt-lbs. for 950 foot-lbs. received, 
is 94'7 per cent. * , * 

Mechanical efficiency is represented by the number of foot-lbs. of work delivered 
by a machine for every 100 foot-lbs. put into it. This applies to a complex machine 
like a tractor or a mower in exactly the same way as to a simple machine such as a 
pulley block. A tractor may have an engine that develops 25 h.p. at the pulley, but 
the h.p. transmitted to the draw-bar may be only 12. The mechanical efficiency of 
the transmission and gripping mechanism of such a tractor is 48 per cent. The 
difference between the horse-power at the pulley and at the draw-bar is absorbed by 
friction in the gearing and slippage, etc., at the drive wheels. In tractors and all 
other farm machines, mechanical efficiency is an important factor in the practical 
value of the machine. Low efficiency occasions h.eavy draught or drive, and thereby 
incurs heavy fuel consumption or fatigue of the team. Further, the machine with 
low efficiency must wear itself out sooner for the same amount of usefill work than a 
machine of high efficiency. The empty running draught or drive is a good indication 
of efficiency in this respect. Lubrication plays an important part. In matters of 
construction and adjustments, such points as th<? alignment of bearings, the proper 
meshing of gears, and the tension of chains in chain drives are important. 

Friction. —To cause one body to slide over another a certain resistance has to be 
overcome : this resistance is known as the force of friction. ,If the surfaces in contact 
are rough, the friction between them will be greater than if their surfaces are smooth ; 
but no means have yet been devised which enable frictional resistance to be entirely 
eliminated. It is chiefly flue to frictional resistances that machines cannot have 
100 per cent, efficiency, and thfct therefore the problem of perpetual motion cannot 
be solved. In most cases the object of the machine designer is to reduce frictional 
resistance to the minimum; in’the case of belt and rope drives, clutches and certain 
other parts of transmission ftmchanisip,.however, friction serves a useful purpose. 

Friction is measured in terms of the, force required to ovefbome it. If a force 
of 40 lbs. be required to slide a body weighing 100 lbq>. horizontally over another 
body, the friction per lb. is 0-4. TKe rigure representing the force to be ov'ercome ( 
per pound of pressure between two surfaces to cause sliding is termed the coefficient 
of friction. If in the case mentioned the sliding surfaces were lubricated so that the 
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force needed to cause sliding became only 20, lbs., the coefficient of friction would 
then be 0-2. 

The energy expended in overcoming the resistance of friction is transformed 
into heat. In a bearing that is badly lubricated, out of alignment, or too tight, 
so much energy may be transformed into heat that the bearing becomes hot and 
perhaps melts the babbitt metal with which it is lined. In the case of linings with 
harder metal, the shaft and the lining of the bearing may adhere strongly together or 
“ seize.” In belt drives, and in fact in all similar cases, running the belt too tight 
may so increase friction in the bearings as to cause overheating. The presence 
of grit in the box is another cause of heating. . 


Lubrication. —The principle underlying lubrication is the fact that the friction 
of liquids is very much less than that between solids. The lubricant separates the 
sliding surfaces of the two solids,‘so that the friction of a lubricated bearing is duo 
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to oil sliding over oil instead of 3olfd over solid. With a proper film of oil between 
the two sliding surfaces, the friction will be the same no matter what be the material 
of which they are composed. One of the problems of lubrication, however, is to 
ensure that there shall always be this layer of oil between the two surfaces just where 
it is needed, i.e. at the point where there is the greatest pressure between them. 

When a machine has been standing, the resistance to be overcome in starting 
it is greater than that of driving it after it has been set in' motion, probably because 
the film of lubricant has been squeezed out from between the shafts (journals) and 
the beasings at the points, of’contact. If a .thin o^be used to lubricate bearings 
that have to cwry heavy pressure, *t will be ineffective, because it is too readily 
squeezed out of the place where it is needed, On tile* other hand, a thick oil is 
unsuitable for high-sfteed work under light pressure, because the oil itself may cause 
more friction than would qpcur between the two sliding surfaces if clean. Thus 
a different class of lubricant is heeded for the' gears of a mower or the axles of a 
* cart from that which would be required for the bearings of a cream separator or a 
small* dynamo. 
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In the lubrication of hot surfaces, such as the cylinders of an engine, it is important 
to use an oil that can withstand high temperature as well as high pressure. The 
choice of the proper lubricant for an engine is a highly technical matter, and the 
safest rule is to use the brand recommended by the maker of the engine. Cheap 
oils may also be very unsuitable owing to their tendency to gum, and they may 
contain acids which have a corrosive effect on the cylinders or bearings. 

The design of lubricating devices is more a matter for the engineer than the agri¬ 
culturist. It may be noted, however, that in some cases the oil-holes are placed where 
they actually shed the oil instead of ensuring its delivery to the surfaces in contact 
If the pressure is from the top of the bearing on to the shaft, an 
oil-hole at the top will allow the lubricant to be squeezed out. 
But a more common error is .that of the operator of the machine 
who omits to clean an oil-hole before applying the lubricant and 
thus actually, introduces grit into the bearings. 

The bearings of machines should be occasionally taken apart 
and thoroughly cleaned. Gummy matter and dirt often accumu¬ 
late to such an extent as to prevent the oil from Teaching the 
parts for which it is intended. 

Bearings. —Rotating shafts have to be supported at intervals 
by bearings, and between the surfaces in contact there is more or 
less friction and wear. The greater the friction, the lower the 
mechanical efficiency of the machine. 

Plain Bearings.—These dephnd for their efficiency on the 
proper separation of the rubbing surfaces by means of lubrication. 
If the area of the bearing siirfaee is too small for the pressure it 
has to sustain, the lubricant will‘be squeezed out afld the journal 
will come in contact with the bearing : the'bearing surface must 
therefore be proportioned to the weight of the p.haft or the thrust 
to be resisted. If the journal* dies not bear evenly on the sup¬ 
porting surface, the same effect will.be produced? In substantial 
stationary machinery, it is possible to set and keep the bearings in 
but in machines such as thrashers an<J self-binders, which are 
apt to be strained, self-aligning bearings are an advantage: being able to pivot or 
swivel in their supports, they’can take up the position required by the shafts. 

If perfect lubrication could 'be ensured, it would be of little account what the 
bearing surface was made of,* because the journal wVmld not actually come into 
contact with it. In practice thg two surfaces do comb in. contact and grit gets into 
the bearing. For these reasons it is customary to line the bearing., with a bushing 
made of softer metal than fh'e shaft this preserves the journal. White or babbitt 
metal affords a good anti-friction surface, can absorb grit to sdme extent, and runs 
instead of seizing when lubrication fails. It may be rqn-in, or in the case of split 
boxes it may be conveniently fitted in the form* of half-bushes. Harder'bushes 
are required for bearings which have to resist shocks ; hence the use of brass and 
bronze in the crank shaft and connecting-rod bearings of mowers. 
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Roller Bearings depend for their efficiency, less on lubrication than on the fact 
that the frictional resistance to rolling is less than that to sliding. Well-designed 
and accurately constructed roller bearings add considerably to the efficiency of a 
machine and reduce its consumption of lubricant: they also considerably reduce 
the effort necessary to start the machine. The fact that a machine has roller bearings, 
however, is no guarantee that it will have lighter running than another with plain 
bearings : it depends on the type and workmanship put into the making of the 
rollers and their cages. There are difficulties connected with the use of rollers, 
especially those of ensuring proper alignment: the bearings must be self-aligning. 

Ball Bearings likewise substitute' rolling for sliding friction, and similarly, if 
of good design, well made, and kept in good condition, they increase the mechanical 
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efficiency of a machine. Like the roller type, they consume very little oil. Oil is, 
however, needed to protect the surfaces from rust and to lubricate the cage containing 
the balls or rollers. This oil must be very carefully chosen. The lubricant must 
contain no acid or alkali tliat might corrode the polisheS surfaces. The bearings 
may be either flooded with oil* for high-speed work or'erammed with mineral grease 
for ordinary speeds : this gyeaSc should contain no solid matter. 

Generally spgaking, ball bearings'are better adapted for moderate and steady 
pressures than for heavy weights and shocks, They" Should be protected from 
grit and moisture. • , , 

Ball and roller bearings are of special value for machines with trains of pulleys : 
their snfell friction of rest reduces the stresses h ’starting and saves the belts. 

* Thrust Bearings are used where the end of a shaft has considerable thrust or pull 
in thtwdirection of the length of the shaft. The difficulty to be overcome is that of 
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keeping the lubricant between the rubbing surfaces. Ball bearings, which, as already 
expl%ined, do not depend on the separation of the surfaces with an oil film, are now 
widely used to resist end thrust, as, for instance, in the hinder end of the crank shaft 
of the mower. Specially designed ball thrust-bearings are made for heavy duty. 

Collar bearings are a common variety of thrust-bearing, their principle being that 
of distributing the pressure over a surface large enough to allow of effective lubrication. 
The shaft has a number of projecting rings which bear against a corresponding series 
of rings projecting inwards from the shell of the box. Collar bearings are found in 
connection with worm gearing and on vertical shafts. 



CHAPTER XIV 

THE HORSE AS A MOTOR 


The horse is the motor or prime, mover in most farm operations. From the 
mechanical point of view it may be regarded as a heat engine, since it transforms 
the heat or chemical energy of food—fuel—into wqrk "energy. The horse converts 
about the same proportion of the heat energy of its fuel into useful work as does 
the tractor, viz. about 8 per cent. Like the tractor, the horse has to dissipate, 
as it were, a considerable proportion of energy in transporting its own body over 
the ground, so that on first principles 
the power of horses cannot be used so 
economically as that of an engine for 
driving stationary machinery. 

One of the great advantages of horse- 
over engine-power is its so-called flexibility : 
for short periods the horse can develop a 
power several times as great as its formal 
working pftw*r. By reason of this flexibility horses can pull loads through soft 
places and up steep hills and .deal with emergencies where a tractor of comparable 
working power would fail. The horse-team can be adapted to the operation for which 
it is required ; so that for work w&erein the operator can control only a relatively 
light implement^ as in horse-hoeing, a small team-power can be used; while in 
operations wherein the power of the team "is of more importance than the attention 
of the operator, as in heavy cultivating, a team of several horses can be utilised. 
To a great extent the horse performs its own lubrication, repairs and renewals, and 
overhauls; and, although skill can be used to great advantage in the working of 
horses, there is not the sffine risk of disabling the \vhoW team by inadvertence as 
in the case of the tractor, which a clumsy operator or one lacking in mechanical 
instinct may disable in a very short time.. The horse-team is thus more reliable. 
Lastly, the horse can work under a variety of*conditions of soil, whereas the tractor 
is workable only on fairly dry and firm land. ,Ip the matter of costs, there are opera¬ 
tions for which horsss are cheaper than tractors and vice versa, the deciding factor 
being the cost of man labour in each case. 

The disadvantage of the" horse is the facti that it must eat whether working or 
• idle; and if the farmer must possess sufficient power in this form to cope with his 
work # at the busiest seasohs, he must have an excess at other times and thus incur 
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expense in feeding idle horses. Whether the costs incidental to owning a tractor 
are less than the cost of “ idle corn,” or whether the advantages of the forwardness 
of work the tractor may confer are. sufficient to cover these costs depend on the 
size of the farm, or rather the number of days’ work the tractor can perform during 
the year on the farm in question. Some farmers keep the same number of horses 
with a tractor as they did without it, and thereby increase the cost of a day’s horse 
work. 

Horse-Power of Horses 

Watt considered that in adopting a standatd of 33,000 foot-lbs. per minute he 
was allowing a margin of 50 per cent. Engineers and many agricultural writers 
have accepted Watt’s figure of 22,000 foqt-lbs., per minute as the rate at which a 
horse can work a day of 8 hours. According to this, the horse should be rated at 
§ h.p. On the other hand, King, the American authority on these matters, states 
that a horse can exert a pull equal to T ' 0 th to |th of its weight in continuous work for 
a day of 10 hours at a pace of 1\ miles per hour. According to King, therefore, 
the power of horses of different weights is as follows:— 

Fourteen cwts., 1-1 h.p.; 16 cwts., 1-3 h.p.; 18 cwts., 1-5 h.p., and proportionately 
more for days of less than 10 hours. Kellner, in experiments to determine the 
food requirements of horses, worked those under test for periods of 8 hours at the 
following rates:— 

Eight cwts., 0-9 h.p.; 12 cwts., 1-2 h.p.; 14 cwts., 1-3 h.p. If Watt’s figure is 
too low for the modern heavy cart horse, King’s figufe is probably too high for average 
conditions of the field, where the horse has to expend part of his power in contending 
with a soft surface. It will not be far from the truth, if it be assumed that an average 
farm-horse of about 15 cwts. can work at the rate of 1 h.p. per hou:; for a day of 
8 hours or 1J h.p. for a day of 6 hours. 

1 t • 

Draw-Bar Pull 

The draught or force the horse can exert on the draught chain—comparable 
with the draw-bar pull of the tractor—depends on the nature of the surface, but also 
on the duration of the effort. According to King, a horse can for a short period 
exert a pull equal to about half its weight, so that a team of three 15-cwt. horses 
would be able to stall a tlactoi of considerable power of perhaps move a load out 
of a hole where the tractor would fail. For continuous work, however, the draught 
and speed must be so related that the horse-power involved does not exceed about 
1 h.p. per 15 cwts. of weight of horse. On the basis that a horse of 15 cwts. can 
work continuously for 8 hours at the rate of 1 h.p., the following are fair pulls for 
different speeds and lengths of working, day. The total work' per day is the same 
in each case, viz. 8-h.p. hours or 15,840,000 foot-lbs. 
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Pace. 

0 Hours. 

• 

7 Hours. 

8 Hours. 

10 Hours. 

Miles per 
Hour. 

Yards per 
Minute. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

• 

n 

44 

333 

286 

250 

200 

if 

51J 

286 

244 

214 

171 

2 

581 

250 

214 

*188 

150 

2£ 

73$ 

200 

‘ 174 

150 

120 

3 

00 

OO 

107 ' 

143 

• 

125 ’ 

100 


Draught op Vehicles 


The draught of a vehicle is influenced to a certain extent by the type and lubrica¬ 
tion of the bearings, but it is dependent to a greater extent on the following four 
factors1. Road surface. 2. Gross weight of vehicle. 3. Number, diameter, and 
width of tyre of the wheels. 4. Gradient of the road. 

1. Road Surface .—A hard, smooth, rigid surface may not be the best for horse 
transport; but it oilers least distance to the rolling of the wheels of a vehicle. 
The draught on a soft yielding surface may be as much as ten times that required 
on a rigid surface. On level surfaces and with plain bearings, carts and wagons 
give the follcgving average resistance per 100 lbs. of gross weight:— 


• 

Cart. 

Wagon. 

Macadam load, moderate . 

. 3 lbs. 

4 lbs. , 

Gravel road, fairly good . 

. 4 „ 

5 „ 

Earth rotd, dry and Arm . ■ . • 

• 5 „ 

0$ >, 

Hay stubble, „ „ . 

. . 6 „ 

n „ 

Corn „ .. • „ 

• • 7 „ 

9 ,, 

Ploughed ground, soft 

. ; . i<> „ 

? „ 


2. Weight .—On fairly rigid surfaces the traction varies in simple proportion 
to the weight of the vehicle and its load. Whether this applies equally to softer 
surface* is uncertair.: probably after a certaig pointAhe traction per 100 lbs. becomes 
proportionately less. Accepting the rule, however, the force in lbs. required to 
pull carts and wagons of 8 and 14 cwts. respectively will vary approximately as 
set out in the following table*:— 


[Table. 
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- 

f 

Macadam Koad. 

Hay Stubble. 

Ploughed 

Ground. 

Cart. 

Wagon. 

Cart. 

Wagon. 

Cart. 

Empty 

27 

63 

54 

118 

134 

Load of | ton . 

61 

108 

121 

202 

302 

>>!>?• 

94 

153 

188 

■ 286 

470 

„ 1J „ ■ • 

128 

198 , 

255 

370 


» 2 „ 

161 

243 

322 

454 


„ 2* „ . 

195, 

288 

, . 



» 3 „ ‘ . 

229 

332 

. .. 




A horse could, according to the above figures, take 2 tons on a hard level road 
with less draught than would be required by 1 ton on a hay stubble; while a load 
of 1 ton on ploughed land would tax the strength of the animal. Not only is the 
draught of the load very heavy, but the horse has to expend considerable power 
in transporting its own weight over the soft ground. 

3. Wheels .—On firm surfaces a cart has about ] lighter draught per 100 lbs. of 
gross load than a wagon, and, as shown in the preceding table, two horses have 
each less draught when a load of 1J ton is placed on each of two carts than when 

3 tons are placed on a wagon drawn by two horses, the draught being in the one 
case 128 lbs. per horse and in the other 166 lbs. per horse. A further disadvantage 
of the wagon is the discomfort and loss of power of the chain horse. Whether 
these figures apply to surfaces other than hard roads has not been definitely proved. 
It might be reasonably supposed that on softer land the front wheels of the wagon 
consolidate the track and ease the draught for the hinder wheels. . This could apply 
only when the wheels track properly and when'the tyres of the front and hinder 
pairs are of the same width. It is well known in praptice that the distribution of 
the load on the wagon affects the draught on soft ground : if the weight be placed 
on the front pair, which are smaller than the hinder, they, will cut deeply into the 
ground and increase the draught, as well as make the wagon difficult to turn. 

A wide tyre gives the least' draught under most conditions, and a width of about 

4 or 5 inches may be recofhmended for farm purposes. Wagons with low wheels 
should have wider tyres than Ure necessary for wheels of large diameter, as small 
wheels cut into the ground more than do large wheels. 'For road work the regulations 
of the local highway authority have to be observed. In the county of Derby, for 
instance, carts cannot use the highway unless the width of tyre is 2 inches per ton 
of gross weight, and wagons must likewise have 1 inch per ton of gross load. There 
are no powers to regulate the equally iihportant matter of the diameter of the wheels. 
These regulations are concerned with the preservation of the road surface, and not 
with the draught of the vehicle. 

4. Gradient .—A rise of 1 in 50 adds 2 lbs. to the draught per 100 lbs. of gross load; 
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a gradient of 1 in 33 adds 3 lbs. per 100 lbs. of gross load, and with a cart on a macadam 
road this would double the draught. On soft ground the addition to the draught 
owing to gradient is small in proportion to the draught occasioned by the softness 
of the surface. In either case, however; the tractive power of the horse is reduced 
by the work of raising its own weight as well as that of the load up the hill. 

• 

Draught of Implements 

The pull required'by farm implements on level ground and the daily performance 
required to obtain 8 h.p. hours front each horse is summarised in the following table. 
With regard to the last two columns it is necessary to point out that these take 
no account of the work done or time spent in turning and pulling the implement 
on the headland. The figures represent what would be done if the team moved 
continuously at the pace»and for the time stated.. The acreage worked per day in 
practice is usually less than the figures indicate :— 







Acres to 



Particulars of Implement, 
and Soil. 

Draught. 

Total 





1 mplemcnt. 

Horses 

the 

8H.I’. 

Effective 


in Team. 

Team. 

Hours per 

Work. 






Horse. 




Lbs. 


m.p.h. 

Acres. 

Hours. 

' 

Furrow 10”x 7" :— 







(«) Very light, 4* lbs. 

280 

i 

ii 

1-1 

61 

Plough . ■ 

(b) Medium, 8 Ibs.jr.s.i. . 

560 

2 

it 

1-1 

6-1 


(e) Heavy, 12 „ . •„ . 

840 

3 

it 

1-1 

61. 

•1 

(Double furrow, 18* 5 J, 8 lbs. 

792 

3 

•t 

21 

65 


9 tineo, width f^' 9” :— 







(«J Light, 3” (a) 3 lbs. . 

729 

3 

if 

101 

71 

Cultivator* 

(6) Heavy, 5” (q?3 •„ 

7 (tines, width 5' 3” :— 

1215 

4 

n 

8-1 

('6 


Medium wor£, 4”, 3 lbs. . 

1 756 

3 

it 

7-6 

6-8 

Harrow . j 

Drag, 7'. 30 teeth, 280 lbs. . 
Seed, 8|', 1)0 teeth, 148 lbs. | 

840 

410 

3 

2 

it 
• it 

91 

151 

61 

8-3 

( 

Flat, 7' 20", 9£ cwts. 

190 

1 

2 

13-4 

7-9 

Roller . | 

Cambridge,* 7' 20", 13f 

I 410 

• • 

2 

2 

12-4 

7-3 

1 

cwts. * 

i . 

• 



• 

Drill 

Steerage, ,1% c\fts., 13 row, 
,cup and coulter, 9" ifpart. 

| *50 

•J-3 

H 

(12) 

(7) 

! 

Pole, 8 cwts., force, 12 discs, 
6" apart. , 

j *380 

• • 

2 

H 

(W 

(7) 

Mower 

Width of cutj 4' 6” . 

Width of cut, 0' * . 

336 

2 

2i 

9 

7 

Bindet 

£60 

3 

m) 

(10) 

(6*) 

• Potato j 

Rotary type, free land 

| 500 

2 

h 

3-3 

7 

digger | 

drills 27"”apart. 
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Horse Pood as Fuel 

The ultimate source of all work the horse can perform is the food it consumes. 
If the work done exceeds the working equivalent of the food supplied, the horse loses 
weight; and if the food supplied is in excess of requirements, a part of the excess 
_may be stored in the form of fat. This stored fat can be utilised to make up 
deficiency in the ration at another time. It is almost impossible to feed horses in 
such a way that they do not gain and lose weight somewhat with light and heavy 
work at different seasons of the year; but the -more accurately the food can be 
gauged to supply the work requirement at various periods and to keep the weight 
and condition constant, the more economical the feeding. It probably takes more 
food to bring an animal back into condition than would have been required to keep 
it from losing weight. 

The first duty of the food 'is supply the requirements of the body—to produce 
warmth, to drive the internal mechanism, a'nd to repair the wear and tear of tissue. 
According to the investigations of Continental workers, the so-called daily main¬ 
tenance requirement is about 9-5 lbs. of nutriment in terms of starch per 1600 lbs. 
of live weight. This nutriment is contained in a daily ration of 20 lbs. of good hay 
and 5 lbs. of oats. The horse requires the above nutriment when idle. 

The energy required for work must come from food supplied in excess of the above 
stated maintenance requirement. According to the same investigators, 1 lb. of 
nutriment in terms of starch can produce about 780 foot-tons of work. As 1 h.p. 
hour equals 884 foot-tons, the ration must supply 884-^780=1-13 lbs. of starch 
equivalent per h.p. hour of work, over and above the maintenance requirement. 
One pound of oats contains -63 lb. of starch equivalent, hence 1-8 lb. of oats are 
equivalent to 1 h.p. hour of work. For 8 hours work the extra ration would have to 
contain the same amount of nutriment as about 14 ll}s. of oata. The total ration 
would then be 20 lbs. of hay and 19 lbs. of oats. For details of t^e composition of 
foods and the method of compounding rations to supply the same nutriment as the 
above quantity of oats, the reader is referred to text-books dealing w'yh feeding, such 
as Hall’s Feeding of Crops and Stock, Kellner’s Scientific Feeding of Animals, and 
Professor Wood’s pamphlet issued by the Ministry of Agriculture. 


, (Fuel Efficiency 

The horse transforms the heat or chemical energy of food into work energy, but 
like other motors it can turn only a fraction of the food energy into actual effective 
work. In the first place, it digests only about SO per cent, of the hay and 70 per 
cent, of the oats it consumes*. Then about half the energy contained in the digested 
food material is required for the internal needs of the horse’s body. Of the surplus 
available for actual work, the horse converts about 26 per cent, into work energy. 
The net result in work is less than 10' p#r cent, of the energy contained in the food 
supplied. >. 

The comparison with an oil-engine may be made as follows :—For 8 h.p. houg> of 
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work the horse requires 20 lbs. of hay and 19 lbs. of oats, or, per h.p. hour, 2J lbs. 
each of hay and oats. The heat value of 1 lb. of hay is about 6500 B.Th.U., aiyl that 
of 1 lb. of oats 7200 B.Th.U. The total heat in the hourly ration is therefore 33,350 
B.Th.U. Now, if all this heat energy were converted into work energy without loss, 
then, since 2545 B.Th.U. are equivalent to 1 h.p. hour, the food contains energy 
equivalent to 13 h.p. hours. But as the horse generates only 1 h.p. hour on that, 
quantity of food, its fuel efficiency is only 7-7 per cent. 

A good oil-engine requires about J lb. of paraffin per h.p. hour. As 1 lb. of paraffin 
contains 18,000 B.Th.U., J lb. contains 13,500 B.Th.U.; and if this were wholly 
converted into work energy, it would yield 5’3 h.p. hours. The efficiency of such an 
engine is, therefore, 18-9 per cent., or more *t[>an double that of the horse. Steam- 
engines have an efficiency of 4-12 pe # r cent. ’ t 

The comparison with tractors'is less unfavourable to the horse. Twenty-five new 
demonstration tractors working on firm land in .the" 1921 trials at Shrawardine 
averaged 146 pint of fuel per hour pctf h.p. at the draw-bar. A pint of paraffin 
weighs a trifle over 1 lb.; hence the fuel requirement of the tractor was just double that 
of the stationary oil-engine. Their average efficiency was, therefore, 9-5 per cent. 
The cost of fuel per h.p. hour is about 2Jd., as compared with about 3Jd. in the case 
of the horse. Tractors that have had some wear in ordinary hands, and when working 
under less favourable conditions, do not give such a high efficiency as the above. 
Fuel cost is not, however, the only expense in connection with either horses or tractors. 
Consideration of the statements of the costs in connection with the two kinds of power 
shows that the power costs mucffi the same from each source ; the advantage of the 
tractor lies in the economy of man labour, when the implement is of sufficient width 
to utilise the full power of the engine. 

Uost of Horse Labour 

The principal item in the cost at horse labour is the food ; but the cost per day or 
per h.p. hour i% greatly affected by the actual number of effective working days in 
the year. A horse weighing 1600 lbs. requires the equivalent of 20 lbs. of hay and 
5 lbs. of oats as a maintenance ration. This is the minimum food requirement for idle 
days and the basal ration for working days. To this ratjon must be added the 
equivalent of If lb. of oats for every h.p. hour of worlf. Ten hours’ work at the rate 
of one h.p. would entail the consumption of 17jr lb#, of (tots in addition to the main¬ 
tenance requirement; 8 h.p. hours would require 44 lbs., of oats, or a total daily 
ration of 20 lbs. of hay and 49 lbs. of oats. This is aiot a complete account of the 
principles of feeding homes, and oatssand hay are noi the only foods available: during 
part of the year on many farms the horses c%n be cheaply fed as regards part of their 
ration by grazing o» pasture., ’’The following estimate is, however, based on oats and 
hay, the 8-hours ration being fed on 200 work days and the maintenance ration on 
165 idle days. 


[Table. 
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£ s. d. 

9 15 0 

22 0 0 

3 16 0 
5 0 0 
2 5 0 
] 10 0 
2 0 0 
0 14 0 

£47 0 0 


4 0 0 

Net total. . . £43 0 0 

Cost per day’s work =£43-4-200 =4s. 4d. ' —= 

Cost per horse-power hour=4s. 4d.48=6|d. 

The cost of a day’s work by tractor is estimated in another chapter at £2, 5s. 3d. 
with labour, or £1, 18s. 3d. without labour costs.' In that example a daily fuel 
consumption of 141,- gallons is assumed. If the tractor performs 1 h.p. hour on 1| 
pint of fuel, its daily performance on 141 gallons‘wj 11 be 77 h.p. hours at the draw-bar. 
(This might be 7 hours’ work or a speed of 2| m.p.h. and apull of 1650lbse The engine 
would develop about 22 h.p. at the brake or pulley to give this power at the draw-bar.) 
The cost per draw-bar h.p. hour is thus 38s. 3d.4-77=5fd., as compared with 6f in 
the''case of the horse. It is necessary to emph&sifie, however, that only efficient 
tractors working under favourable conditions can perform 1 h.p. hour on 1| pint of 
fuel. 

A horse of less weight than 15 cwts. costs less per day to feed, but rather more 
per h.p. hour of work., Kellner has shown that the larger horse has a greater food 
efficiency than the smaller. The cost of horse keep can be reduced by the economical 
selection of foods and the fise of grass-land. A reduction in the annual cost by £7 
reduces the cost per h.p. hour by 1 about Id. The cost of work per acre can be reduced 
by the adoption of larger teams and of implements whibh enpble^the operator to ride 
and thus avoid his limiting the pace of the team." Larger teams canpot, however, be 
expected to turn headlands as small as those allowed the ordinary pair. 

< 

Cost pee Acre of Team Work 

Disregarding the charges for the use of implements, the following figures represent ' 
the cost of certain farm operations by horse-power:— 


Annual Cost of Keeping a Heavy Horse .— 

Food—hay, 20 lbs. x 365 days =3J tons at £3 

oats, 5 „ xl65 „ 1 . . 

„ 19 „ X200 „ ) =H0 bushels at 4s. . 

Shoeing, 4 new sets at 12s., 4 removals at 7s. 

Depreciation, £604 12 years. 

Interest and risk, 7J per cent, on average value of £30 


Depreciation and repair of harness, £124-8 . 



Litter, 6 lbs. per day=l ton at £2 



Veterinary expenses and sundries 

" 


r 

Deduct—Manurial residues :— 

Gross total 


Hay. 

. , . £2 13 

0 

Oats . . 

. ' . 11 

0 

Straw .... 

. 0 6 

0 
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Operation. 


Ploughing 

Cultivating 

Harrowing 





• 

Cost per Acre. 

Land or 

No. of 

Acres 




Depth. 

Horses. 

per Day. 







Horses. 

Man. 

Total. 




S. d. 

S. d. 

s. d. 

Light 

1 

1 

4 4 

6 0 

10 4 

Medium 

2 

• 1 

8 8 

0 0 

14 8 

Heavy 

3 

• 1 

13 0 

G 0 

J9 0 

Medium 

3 

2 

*0 « 

3 0 

9 G 

Light 

3 

9 

• • 

1 r; 

0 8 

2 1 , 

Heavy 

4 ’ 

8 

2 2 

0 9 

2 11 

5 Medium* 

3 

; 7 

1 10. 

(1 10 

2 fi 

| Seed 

2 

i 

i 12* 

0 9 

0 fi 

1 3 j 


Remarks. 


Not so deep 
> as tractor 
cultivating. 


Harneskino and Hitohino the Team 

Collars .—In some parts of the Continent breast harness is commonly used insteac 
of a collar ; but it has at least, one objectionable feature—the neck strap causes dis 
comfort and not infrequently sores where it rests on the top of the neck. 

Many horses suffer discomfort owing to the collar hanging on the top ot the neck . 




there should be spate to insept four lingers .between rne i.ecs ~ 

collar. Horses soon become fatigued when Vorking with weight on the neck . 

this and other reasons shafts are preferable to pole yoking. 

A toose fitting collar chafes the animal’s shoulders, but there should be wnst room 
„t a,Z“lS finger'space a. the sides. The cellar shonhl be prtM » «*h * 
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way that it does not rock during 
work, but bears evenly on the 
shoulders. 

Saddles .—The saddle must not 
touch the backbone, and the pad¬ 
ding must contain no knots. The 
ridge chain should be properly lubri¬ 
cated to prevent the movement 
being transmitted to the saddle. 

1 Hooking .—When working horses 
in line, as in ploughing “ out at 
length,” the rear or phill horse 
shotild have a cart saddle and ridge 
chain withiwhich to bear the down- 
thrust due to the pull of the fore 
horses. To reduce this down-thrust, 
the chains of the fore horse should 
be attached at least 18 inches behind 
the ham'es of the rear horse. As 
nearly as possible the chains should 

Flo. 194.— Three-Horse Yoke for Pole all draw straight from the swingle- 
Imflement, 

Pole Hitches. —It is sometimes 
necessary to work three horses 
abreast in a pole implement or 
machine. It is not difficult to con¬ 
trive ways of keeping the whipple- 
tree in position; but there is no 
way of ensuring that the pull exerted 
by each horse is wholly utilised in 
drawing the implement forward. 

The line of draught and the line 
of resistance do not coincide, ,and a 
part of the force exerted by the team 
is wasted in resisting the side drai/ght 
created. The shorter the pole*and 
the traces, the greater the* side 
draught on the end of the pole. 1 the 
best way of overcoming side'draught 
is to fit the implement with a fore¬ 
carriage having two wheels with rims 
capable of gripping the soil. A slight 

turn towards the side to which the two S' 10 - 195.— Three-Horse Yoke and Fore- 

horses are attached may be necessary. * r '" 
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or manometer. In high-pressure engines the working pressure of steam may be about 
200 lbs. per square inch. When necessary the valves can be set to admit steam at 
practically boiler pressure into the cylinder for the entire length of the piston stroke. 
This, of course, gives the highest power; but it is wasteful of steam and fuel, since' 
the steam is released through the exhaust while still possessing its full pressure. In 
„ ordinary economical working, the slide-valve cuts off the steam when the piston is 
about one-quarter to three-eighths of the way along the cylinder. The steam enclosed 

in the cylinder then presses the piston for¬ 
ward to the end of the stroke by expansion. 
At the end of the stroke the slide-valve 
uncovers the exhaust port, allowing the 
spent, steam to escape, and at the same 
time opens the other inlet port, admitting 
live steam to the other side of the piston. 

Superheater.-- Ordinarily the spent 
steam leaves the exhaust with consider¬ 
able force—this represents so much lost 
energy. If the inlet port were cut off 
earlier, to allow of greater expansion in 
the cylinder, there would obviously be 
less loss of energy in the exhaust. There 
is, however, a limit to the expansion allow¬ 
able, since steam tends to condense on 
expanding; but if the steam is super- 
healed .before admission to the cylinder a 
greater expansion may be allowed without 
fear of condensation. A superheater— 
which consists of tubes that conduct the 
steam*through some part of the furnace 
Krwwun. | before it entprs the cylinder—may reduce 

8 n.h.p.— 12-3 b.h.p. the steam and fuel consumption by about 

20 per cent. 

Simple and Compound Engines. —Another device for taking more power out of 
the steam before releasing it into the atmosphere is to have two (or more) cylinders 
into which the steam is admitted successively. The steam first enters the small or 
high-pressure cylinder and, after driving the piston of this, it completes its expansion 
in a large low-pressure cylinder : by the time it reaches the .atmpsphere there is little 
power left in it. These “ compound ” engines Vun very quietly ant} consume about 
25-30 per cent, less steam (ft&ter) an<J fuel than single-cylinder or “ simple ” engines. 
Farm engines are not fitted with condensers : the condenser is'another economising 
device that utilises the heat of the ‘exhaust steam for warming the water fed to 
the boiler. ' , * ' 

There are three methods of rating the power of steam-engines—in terms of' 
“ Nominal,” “ Indicated,” and “ Brake ” horse-poWer. r 
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Nominal HoESE-PowER.-The farmer is at first puzzled to understand how a small 
tractor can reasonably berated at 25 h.p., while the thrashing engine has been generally 
described as of 6-7 .or 8 h.p. The latter is in terms of nominal h.p. ^ The use ot 
this term dates back to the time when eteam-engines were first introduced; and, 
although engine-builders have tried to break away from the practice of rating in these 

terms, buyers have clung to the old method. 

Nominal h.p. is calculated from the diameter of the cylinder: <P (in inches)-10- 



, Fig. 198 .—CoMPOifsi) Tkaction Engine. 

6 n.h.p.—b.h.p.; boiler pressure, 180 lbs ; Cylinders, D|" and 9"; stroke, 12'; 
revs., 100 : weight in work, 11£ ton*; hauls lo tons; fly-wheel, 4 • • 


n h.p. Thus an engine with a cylinder 7 inches in diameter would be rated at about 
5 h.p. nominal. Its actual b.h.p. might be 15. Treason for the difference lies 
in the fact that the moderh engine is about three tifhes all powerful as wjis formerly 
an engine of the same diameter of cylinder. In.som* cases/he n.h.p. represents the 
b.h.p. ppwer developed tjith atsteam pressure of 30 lbs.*per square inch , but eng n 

now work at, mqch higher pressures. * ... • , , 

Indicated IIoasE-PowER.-Thc i.h.p. of.ai, engine-iS the power imparted to the 
piston. It is obvious that this,will depend upon the size of the cylinder-diameter and 
length of stroke ot piston—and on the pressure 6f the steam on the piston. The average 
pressure on the piston depends a.so on what point in the stroke the steam urato ■ 
• If the steam is cut off when the piston is only a quarter of the way along the cylinder 
less mower will be developed thaii if the steam acted on the piston for three-quarter 
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of the strokebut the h.p. developed in the former case would be more economical 
of steam and fuel than in the latter. It would as a rule be difficult to maintain a full 
pressure of steam for long, if the steam were allowed to run into the cylinder for three- 
quarters of the piston stroke; the boiler and furnace would not be of sufficient 
capacity. For a short time, however, a steam-engine can be worked at a higher power 
than its normal continuous working power: steam is raised to the maximum safe 
pressure, and the setting of the slide-valve is altered so that the steam is cut off later 
in the stroke. Owing to this adaptability, the steam-engine is said to be “ flexible.” 
Oil- and petrol-engines do not possess this flexibility. 

The horse-power qf a steam-engine is not calculated or ascertained on what the 
engine can do when running “ all out ” for a short time, but on its economical normal 
working power.. This means the power dpveloped when the steam port is closed at, 
say, one-third of the piston stroke, or whatever may be the normal valve setting. The 
pressure behind the piston during the first third of the stroke will be about the same as 
that in the boiler. For the remaining two-thirds of the piston stroke there is gradu¬ 
ally falling pressure. The mean effective pressure during the complete stroke can be 
ascertained experimentally by means of an instrument known as an indicator. For 
the purposes of a rough estimate, however, the pressure on the piston may be taken 
to be half the boiler pressure up to 100 lbs. per square inch, and two-fifths of the boiler 
pressure above 100 lbs. This applies to simple engines. In compound engines it is 
the pressure on the low-pressure piston that is taken for purposes of calculation; 
and this may be taken at about one-quarter to one-fifth of the boiler pressure. 

The formula for calculating i.h.p. is foot-pounds of work done by the piston per 
minute-^ 33,000 foot-lbs. per minute. 

' l.e. PxAxLxNx-33'000. 

7 • n 

where P=mean effective pressure on piston in lbs. per square' inch. (This may be 
?j, f, or 1 of the gauge pressure.) 

A=area of piston in square inches 

L=length of piston stroke in feet. 

N=number of strokes^per minute (usually twice number of revs.). 

Examples.—(1) One of Nicholson’s vertical engines (rated at 2| n.h.p. or 54 b.h.p.) 
has a cylinder 5 inches in diameter; stroke, 8 inches; speed, 180 r.p.m. What is its 
i.h.p. at a boiler pressure of 80 lbs. per square inch ? ' • 

’ "Px Ax Lx N-r 33,000' ‘ " 1 


(y xradius 2 r j. 


80\ /22 L 5’x 5 
2 My* 4 


x (^x(180x2)-r33,000=5;7 i.h.p. 
90 


Taking b.h.p. at 90 per cent, of the i.h.p., 5-7 X 1 —-=5-13 b.h.p. 

t , IvJU 


(2) One of Marshall’s single-cylinder traction engines (rated at 6 n.h.p. or 21 b.h.p.) 
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has a cylinder 8 inches in diameter ; stroke, JO inches ; speed, 160 r.p.m. What is 
its i.h.p. at a boiler pressure of 150 lbs. per square inch ? 

(’l50x|x(jXl6)x^k(160x2)^33,000=24-4 i.h.p. 

, , ., 24-4 x 90 , 

Taking b.h.p. at 90 per cent, of the i.h.p., . ^ b -h.p. 

Brake Horse-Power. —This is the net useful effect the engine can produce as 
determined by means of a brake on the fly-wheel or pulley. It is approximately 90 
per cent, of the i.h.p., more or less, according Jo the “ mechanical efficiency of the 
engine. Since the b.h.p. of an engine represents a definitely measurable quantity 
of power, it affords a better indication of working capacity than does a nominal rating. 
An average 4-6-inch thrashing mill requires about 10 dr 12 b.h.p., a chopper about 
5 or 6 b.h.p.; thus to drive the pair the engine would have to develop 15-18 b.h.p. 

Fuel Consumption. —Steam-engines show very wide variation in their fuel 
requirements, a fact brought out very prominently when coal for thrashing was 
rationed. There are two principal factors : (1) the steam requirement per b.h.p. 
per hour, and (2) the quantity of steam raised per pound of fuel consumed. 

Simple engines consume about 35 lbs. of steam per b.h.p. per hour ; while arge 
compound engines with superheaters may require only one-third of this quantity. 
For steam economy there must be no leakage of steam past the piston or the slide- 
valve or through the stuffing-boxes ; the piston and valve must be properly lubricated 

_force pumps are now used—with a class of oil suitable for steam-engines. Obvious y 

power will be wasted and steam consumption increased if the exhaust pipe becomes 
choked up* with dirt or deposit from a volatile lubricant. The higher the working 
pressure, the less the* steam requirement for the same power. 

Theoretically a, pound of average steam coal should raise 10 lbs. of water at 50 . t. 
to steam a'* 100 lbs. pressure. Ill practice 7 lbs. of steam per lb. of coal is considered 
good boiler efficiency. Bad water may cover the boiler tubes with an incrustation 
or sediment that prevents the heat from'the furnace being properly conducted to 
the water. This will not only hinder the raising of steam, but also occasion heavy 
fuel consumption; for these and other reasons tho tubes must be kept clean. 
Likewise the flues must be kept free from sooty deposit that would also prevent 
conduction. Obviously tV more black smoke pa’ssing away at the .funnel, the 

greater the loss’ of fuel.* . * * , , , 

Assuming 7 lbs. of stjam phr lb. of coal, an engine using 35 lbs. of steam per b.h.p. 
per hour would require 5 lbs. of coal,‘while one using only 12 lbs. of steam would need 
only 1-? lb. of coal per b.h.p. per hour. In the Jt.A.S.B. trials, the fuel requirements 
of the prize engines'in 1850 and in 1872 wpre 1\ lbs. and 2J lbs. respectively. An 
engine driving a thrashing drum and choppef,requiring together 17 b.h p. would at 
5 lbs. per b.h.p. per hour require 4 ! cwt. of coal per hour or 6 cwts. per jl hours wor . 
Even allowing there is a loss of heat in stopping for the night, <ftc., it is evident that 
many itinerant thrashing’engines'require more than 5 lbs. of coal per h.p. hour. 
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An engine requiring 5 ibs. of coal p?r b.h.p. per hour is really very wasteful, as it 
converts only about 4 per cent, of the heat energy of the coal into actual work. A 
coal consumption of 1? lb. represents a conversion of 10| per cent, of the energy, 
which is comparable with an oil consumption of 1J pint per b.h.p. per hour in an oil¬ 
engine. 

The cost of fuel per b.h.p. per hour is as follows :--- 

Simple engine at 5 lbs. of coal at 40s. per ton . . .Id. 

Compound „ at 1' ,, „ at ,, ,, ... Jd. 

Oil „ at § pint of paralfin at Is. per gallon . . Id. 

INTERNAL COMBUSTION ENGINES 

Petrol-, oil-, and gas-engines arc grouped together under the description of internal 



Fxo. 199. —Oil-Excuse, 5 B.H.P., dmviso Barn Machinery. | Fetter * Ltd .} 

combustion engines. They, like steato-.engines, derive their power from heat, but the 
combustion whereby‘the heat is produced takes place inside the cylinder instead of in 
a separate furnace. 1 . , 
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Advantages. —Having no furnace and boijer, and being fed automatically, they do 
not require the constant attendance during running that steam-engines need.(large 
steam plant is often automatically fed with fuel); hence they arc economical of labour. 
They occupy relatively little space and may be put down with fewer restrictions as to 
position, etc., than boilers impose. They start up immediately or with little delay, 
and there is no fire to consider—or loss of energy—when stopped. Engines of small „ 
powers can be had which work quite economically. For these reasons internal com¬ 
bustion engines are specially well adapted for driving barn machinery, l'oi traction 



<Fiu. 200.— Section thk&ui¥h Fouk-Stkokb l > ETituL-P.u.Amx Enuine. 
[Croxdrii “ P ” Ti/pr. 1 


work, where economy of weight is a consideration, the absence of boiler and furnace 
and the smaller storage* capacity necessary for fuel and water make the internal 

combustion engine specially suitable. * . 

Disadvantages.— The'Uisadvantages of this class'of ertgine are : t.ic lack of flexi¬ 
bility ; the shofik and vibration produced by the exjiiosions.which shorten the life of 
the engine and render it more liable to break down ; and, in some types, the delicacy 
of adjustment required to ensure satisfactory running* In the matter of cost of fuel 
per b.h.p.. there are districts where coal is pot available; but even where coal is 
available at fair price*, crude-oil engines compare'favourably with the best steam plant. 

Internal Combustion. Internal combustion engines of different classes have 
much iis common. The pressure iaipelling the piston forward is in each case due to the 
. expansion of hot gases. “ Cold ” air is admitted into the cylinder and after admission 
heate # d to a high temperature by the combustion in the cylinder of a small quantity 
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of fuel, introduced either in admixture with the air or separately injected. The 
combustion takes place so rapidly as to produce an explosion. 

Compression. —To ensure sufficiently rapid combustion, the mixture of air and fuel 
vapour is ignited under compression ; but the amount of compression at the time of 
ignition must not be such as to cause too sudden combustion, otherwise the engine 
.will “ knock.” For this reason the spark is retarded when a petrol or paraffin engine 
is running under heavy load and receiving more than a normal supply of “ mixture ” 
in the cylinder. Compression also produces heat—as may be observed when inflating 
a tyre—and in engines fed with a mixture of air and fuel vapour, high compression 
may cause ignition before the proper moment. The liability to pre-ignition is greatest 
when the mixture is already heated before admission to the cylinder—as in petrol- 
paraffin engines—and to check the tendency, some engines are provided with a device 
for spraying water into the cylinder when working under heavy load. 

Cooling. —Owing to the heat produced by the combustion inside the cylinder, it 
is necessary to provide means of checking the rise of temperature of the cylinder 
and working parts. The temperature must be kept from rising to the point at which 
the lubricating oil would be carbonised : when this occurs, the hot gases escape past 
the piston rings, compression fails, and ultimately the piston seizes in the cylinder. 

A. Petrol-Engines 

Advantages and Disadvantages.— Petrol has two disadvantages: it is ex¬ 
pensive, and it is so highly inflammable as to be dangerous. Another property not 
always understood is that it expands considerably on rearming ; so a petrol tank or 
vessel should never be filled up full, especially an'engine tank. As a fuel it is much 
superior to paraffin, being less sensitive to incorrect adjustments of air and vapour ; 
it volatilises at ordinary temperatures : and it is not liable to condense and find its 
way past the piston rings. The petrol-engine starts up without previous lamp heat¬ 
ing; it is comparatively clean and reliable; and if fitted with suitable,carburet*" 
and control of the supply of fuel mixture, it can be run at different speeds (up 
the maximum for which the engine is designed) and pfoduce great power in relate 
to weight. Where these are important considerations- as in motor cars—the use 
paraffin is not entertained. ,And where quick starting aftd freedom from trou 
are more important than eost*of fuel per hour, as in small engines used intermittent 
petrol-engines are preferred. For continuous running a# a fixed speed, and wh 
the power requirement js such»as to make the cost of,fuelconsideration, para! 
and crude oil or gas-engines are 
powers up to about 3 b.h.p. •* 

Otto Cycle. —The majority of petrol—as well as gas and some dll - engines w< 
on the Otto four-stroke cycle, diagrammatically represented in the following figur< 
and many of the remarks respecting the management of petrol-engines apply equa 
to engines running on oil or gas. - , , 

High-speed engines, making 700-1000 revolutions per minute, and those w 
splash (crank case) lubrication are generally arranged in the vertical manner, a 


preferable. In farm engines petrol is used 

• • • • » 
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slow speeds as horizontal engines. The vertical arrangement saves floor space: 
but as regards accessibility there are advantages on both sides. There are also 
arguments on both sides in the matter of high- or slow-speed working. 

Valves.— The valves are “ timed ” to lift and fall back into their seatings at the 
proper moments. They are lifted by rotating cams, and are returned to and held 
in their seatings by spiral springs. It is necessary not only that the timings bq 
correct, but also that the valves lift well off their seatings. return quickly and firmly 
into place, and make gas-tight joints. 

The valve springs sometimes break, and after a certain length of time they may 
become weak. The valve stems wt?ar and shorten, so that tlijev do not lift the valve 



Inlet Port Open Both Ports Closed Exhaust Port Open 

• Spark at tnd oPStroke 

Fig. 2(U.—Di.yc.r^mm vric Represent\tion of the Otto Cycle. 

high enough ; and occasionally a. stem gets bent so that it does not move freely 
in its guides. Sometimes also the valve tappets are misadjusted and do not allow 
the valves to seat properly. 0 In any cast', valves require occasional cleaning and 
perhaps grinding in. 

Valve trouble tnav iSe suspected as one of the causes qf loss of power due to 
poor compression, i.c. the engine is too easily turned sn the compression stroke and 
there is no elasticity in tile cylinder. Before removing the valves, the springs and 
stems should bfe examined. .If these are in order, the ne>tf cause to suspect is the 
accumulation of carbon between the bearing surfaces :.the inlet valve may be dirtier 
than the exhaust. The*removal of carbon does not* involve special grinding. The 
exhaust valve is more apt to become pitted..owing to ilfe heat of the exhaust gases. 
To grind valves in,»they have to be taken out, then rotated —a slow process—on 
their seatings in ihe presence of a paste containing emery powder. The valve, etc., 
shouldobe well cleaned qf tliis paste before re-a&sembling. 

Piston Rings.— Another cause of poor compression is leakage ffast the piston 
rings. In engines that sJand idle for long intervals—as do farm engines—the piston 
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rings often become gummed up with old oil. Rinsing the cylinder with petrol or 
paraffin may be all that is needed to remove the trouble. Worn piston rings, how¬ 
ever, do not enable the oil to make a gas-tight joint with the cylinder walls, and new 
rings have to be fitted. Insufficient pr unsuitable cylinder oil may also be the cause 
of poor compression : oil of sufficient body is needed. 

Decarbonising. —After a certain length of running the accumulation of carbon 
on thp end of the piston and in the head of the cylinder becomes so thick as to require 
removal. The engine quickly becomes carbonised when running with a wrong 
“ mixture,” bad fuel, or unsuitable or excess of lubricant. The removal of the carbon 

is a simple matter in engines of which the cylinder 
head is .detachable : it is merely chipped and scraped 
off'with an old knife, taking care to keep the carbon 
particles from getting under the piston rings. Before 
replacing the piston, wash' the cylinder and piston 
well with paraffin and lubricate, the bright parts. 

Ignition.— Most of the ordinary working troubles 
in connection with petrol-engines are the minor 
ones connected with the ignition system. If the 
magneto is of a reputable make, it will rarely be 
necessary to suspect failure at this end. Sometimes 
tin! insulating coat round the wire that connects the 
magneto with the sparking plug is frayed or broken, 
and the current escapes into some other part of the 
engine (short circuits) instead of passing through 
the sparking phi«. The more common ignition 
troubles, however, are due to the failure of the spark at the plug points, due to 
dirty points, incorrect spark-gap, or broken porcelains.^ 

When an engine begins to misfire, and there is no reason to ^aspect failure or 
misadjustment of the fuel supply, suspicion may* rest on the sparking plug. If a 
wooden-handled screw-driver be laid so that the metal part touchy some part of 
the cylinder while the point almost touches the top of' the plug rod, a good spark 
should jump across the gap on tripping the magneto or revolving the fly-wheel. 
If no such spark can be obtained, it may be supposed that t*tie current has an easier 
path through the plug. * 

Before removing the plug, test the spark at the end of till; cable : if a spark cannot 
be obtained when the en<j of the wire is held about one-Miirtfcth of afi inch from the 
cylinder, then the trouble is due either to short circuiting from the wire or to some¬ 
thing wrong in the magneto, with which it is noh proposed to deal here. 

On removing the plug—it is usual to .have spares so that the engine may not have 
to stand—it may be found that the nickel rod, the points, and other parts adjoining 
are covered with soot or with dirty oil* In either case the electric current can flow 
from the central rod through the soot or dirty oil to the metal shell or “ body>.” and 
thence via the cylinder back to the magneto, without having to jump the spark gap. 
The remedy is to clean the plug. A broken porcelain is easily detected. Regarding 


Cab/e fi'om 
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the width of spark gap, the tendency of beginners is to open the points too wide: 
the maximum gap allowable is about one-thirtieth of an inch. The current will not 
jump so wide a gap when the plug is in the cylinder—under compression—as it will 
when the plug is lying on the top of the cylinder. 

The magneto is ordinarily timed to make the spark just before the piston reaches 
the end of the compression 
stroke. The engine may have 
a lever which enables the 
operator to advance or retard 
the spark, i.e. cause the spark 
to occur earlier or later than 
the normal, to suit the variu; 
tions in the load and the fuel 
mixture. Running with a 
retarded spark causes over¬ 
heating, a pitted exhaust valve, 
and high fuel consumption. 

Magnetos. -There are 
various kinds of magneto. 

The high-trunion magnrto - - 
one that possesses secondary 
or induction coils - produces 
an intense spark and uses the 
familiar type of jump-spark* 
plug, lji engines of two or • 
more cylinders, or in high¬ 
speed single - cylinder cngfties, 
the rotary pattern of higji- ^ 
tension magneto is fitted. In 
slow-speed engines the rotary 
magneto is not very satisfac¬ 
tory, the spark being wry weak Ftc. 20H. Showing Tru> Lever and Low-Tension 

; ' _ r luMTKiN Block as fitted to (Jas-Lnuine, 

at low r speed, hor this type of [CrosMcy.] . 

engine the uscillatimj magneto is , , 

preferable. OperatedJ>\ a push rod and springs, it. produces its full spark irrespec¬ 
tive of the speed of the engipe ; for which reason this pattern of magneto also starts 
the erljgine better idian*the rotary.. On larger engines the latter is often fitted with 
an impulse starting-device. 

The law-tension inagneto is also of the oscillating type, but produces a current of 
insufficient vofiage to jump the gap of a. high-tension sparking plug. The low- 
tension ignition block causes a spark b,y the movement ef’one of the contact points 
away from the other during the flow oi th’e current. This l^ind of. ignition system 
is suitable for s!ow-spe<;d engines ; it has the merit of simplicity ; and if the igniter 
contacts are kept clean, and renew ed when worn, it gives good results. 




198 


FARM IMPLEMENTS AND MACHINERY 


Carburetter— Before petrol will ignite, it must be vaporised and mixed with a 
certain proportion of fresh air. The vapour may ignite when mixed with about 
thirty times its volume of air ; but the combustion will be incomplete, as shown by 
the production of black smoke and'of gases capable of burning in the presence of 
further supplies of air. If, however, the proportion of air and vapour be 50 to 1, 
. complete combustion will be possible ; and it is only by complete combustion that 
the engine can run with economy of fuel and keep a clean cylinder head. 

The function of the carburetter or mixer is to vaporise the petrol and mix the 


vapour uniformly with about fifty times its volume of air. A slightly richer mixture 

gives greater power, but a 
heavier fuel consumption; 
hence it is used only in emer¬ 
gency. A weaker mixture 
may cause the engine to 
“ pink.” Uniformity of 
mixing is, however, of great 
importance, because for 
complete combustion each 
minute particle of fuel must 
come in contact with its 
proper supply of air. In 
view of the basic function 
of this part, it may be 
readily understood how the 

, T „ „ efficiency of a carburetter 

1'iu. 201.—Low-Tension Iunition Block of Uas-Enginjs.i . .. 

\Cmx4<u.\ or its adjustments may 

Current Hows from magneto through inwrr pin to “ point ” at left, affect the running and the 
end; then through contact breaker above it, until on tripping . , . . „ 

lever near oil-cup contact in broken and spark is produced. H iUCl COnsulliptlOIl Oi fill (in- 

gine. If the exhaust gases 

are visibly loaded with sooty fumes, the combustion ic very incomplete. (Bluish 
fumes come from the lubricant, and their absence may suggest insufficient oil.) 

The essential feature of the common carburetter is an air tube—the induction 



pipe—containing a petrol-spfaying nozzle or “ jet.” The tube is narrowed or 
“ choked ” in the region where the jet is placed; one end js open and the other con¬ 
nects with the inlet port of the engine. During the suetiop stroke, of the engine 
the vacuum causes air to rush through the induction tube and the petrol to spray 
from the nozzle. The petrol frjj,st immediately becomes /apour, which mixes with 
the air entering the cylinder. 


The size of the jet and it's position'in the tube affect the performance of the 
carburetter. A relatively large nozzle may give too rich a mixture and heavy fuel 
consumption : too small a jet will make starting difficult, give too weak a mixture 
at slow speeds, and prevent the engine developing its full power. 

Stationary engines usually have a simple carburetter ip which the level of the 
petrol is kept constant by means of an overflow pipe. In motor cars ■ and 
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Overf/oiv 
back to 
Tank 


tractors the carburetter has a float, opening and shutting a needle valve as the 

fuel is taken. 

Governing .—The float- 
feed carburetter is usually 
{i: ., associated with throttle 

control of the speed of 
the engine, i.e. a sliding 
shutter in the induction 
tube regulates the 
draught through the 
latter. Stationary en¬ 
gines commonly have 
hit - and - miss governors : 
when the speed of thg 
engine begins to exceed 
the proper rate, no “ mix¬ 
ture ” is admitted to the 
cylinder, and an explo¬ 
sion is omitted. When 
the engine is running idle, one explosion should carry the fly-wheel round for several 
revolutions ; under heavy load, 
several explosions will occur ( 
before one is omitted. If the 
governor is sticking, the bangs 
and misses will occur in series : 
perhaps three explosions in' 
succession followed by tlinee 
misses: this means irregular 
running. 

HoRSE-PoftKR of Petrol- 
Engines.— The actual i.h.p. 
and b.h.p. can be determined 
only by actual tests. These tests 
are regularly made by builders 
of high-class engines; but the 


Fiu. 205. —Diagramm \tic Section of Floatless Carburetter. 
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power of engines is " rated ” 
accenting to one ,or wider ’of 
the many formulae that have been’proposed. 


Fuel Pipe • • / 

Flo. Ceii. Uiauram hi. [That-Fekd Carburetter. 


1. R.A.C, Formula .— 
H.p.—'4d 2 xw. 


d- Bore of cylinder jn inches. 
)i=Nifinber of cylinders. 


Although adopted by the taxation authorities, this formula is of little value for 
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estimating h.p.: it ignores length of piston stroke and the number of revolutions 
per minute. A Ford-car engine is rated thus:— 

•4x3-75x3-75x4=22-5 h.p.=£23 tax. 

d=Bore of cylinder in inches. 

*■—Length of piston stroke in inches. 
r=Number of revs, per minute. 
n =Number of cylinders. 

This is the formula generally adopted by British tractor builders. As will be 
seen from the following table, it .gives a useful indication of the actual maximum 
b.h.p. of an engine of the petrol type. The figures are taken from the Report of the 
Shrawardine Tractor Trials, 1921, published by the Society of Motor Manufacturers 
and Traders:— 


2. R.A.S.E. Formula .— 

Tr d 2 xsxrx« 
H.P*— 15,4(K) 



Cylinders or Pistons. 



Max. B.H.P. 

Make of Engine or 




He vs. per 

Hated 

ascertained in 

Tractor. 


- 


Min 

H.P. 

Shrawardine 


No. 

Bine. 

Stroke. 



Test. 



Inches. 

Inches. 




Austin (Petrol) 

4 

V- 

5 

1500 

274 

2(1-5 

Austin (Paraffin) 

4 

3| 

5 

' 1500 

274 

23-8 

Blaekstone 

3 

5 

. 

750 

23-8 

24-3 

Fordson . 

4 

4 

5 ‘ 

1000 

20-8 

21-5 

Glasgow . 

1 

4J 

• r >] 

• 1150 

27-0 

,. ' 17-5 

Peterbro’ 

4 

H 

H 

<)00 

290 

25-0 

Saunderson 

2 

5J- 

8 

750 

23 ■<{. 

23-5 

Wallis (Brit.) . 

4 

4i 

K3 . 

‘ 

'• 900 

24-2 

< 25-5 


Fuel Consumption. —According to Kempe’s Engineer’s Year Booh, good four- 
cylinder petrol-engines have a brake thermal efficiency of <*20 to 25 per cent., or 
roundly 22 per cent.; which Corresponds to a petrol consumption of 0 09 pint of 
petrol per b.h.p. hour. Aero engines are said to have an r absolute efficiency of 27 
per cent.=0-56 pint per b.h.p. hour. In small farm-engines a consumption of 10 pint 
per b.h.p. hour may be reasonably good, small engines being relatively less economical 
than large. ,. - ‘ ' 11 * *' 

The tractors in the Shrawardine Trials averaged 11 pint per draw-bar h.p. per hour. 

I 

B. Oil-Engines 

Internal combustion engines that iup on fuel heavier than petrol are commonly 
described as oil engines. Of these there are many types, but it must suffice here 
to refer briefly to those suitable for farm purposes. 1 
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(A) Petrol-Parajfin Engines 

These start on petrol and, after warming up, run on paraffin. Consuming fuel 
at about half the cost of petrol, they are mor'e economical than petrol engines; 
having magnetic ignition, they start up immediately without the aid of a lamp; 
hence they are more convenient and safer than hot-bulb paraffin engines ; and having 
only low or moderate compression, they can be started by hand. At the present 
moment this is probably the most popular class of engine for farm purposes, and the 
great majority of tractor engines belong to this group. 



Kin. 2(5 5 7. —Horizom’vl Four-Stroke Engine. Kktrol-Kiraffix T> i% 
HoiTF.fi-c^oLED Pattern. | ( Vo*.s/<-//.] 

<>3-8 b.h.p. The 5 b.h.p. size has 9" pulley und 300 GUO r.p.m. 


In general design the petrol-paraffin engine is similar to the petrol motor. It 
differs in having greater clearance at the. cylinder head to reduce the compression, 
and in having a carburetter or vaporiser designed t<f raise the temperature of the 
paraffin spray to its vaporising point, this being rifquir&l because paraffin does not 
vaporise at ordinary aft temperatures. The induction tuljp is jacketed so that hot 
gases fjom the exhaust jn«y pass round and heat it.; -and it is becoming common to 
introduce water vapour into the ntixture either through the vaporiser or directly 
into the cylinder. This prevents the engine from knocking under heavy loads, and 
probably insures mitre complete combustion of the fuel. 

While paraffin gives satisfactory results in stationary engines of this type, which 
can befoul at constant speed and kept intorr^rt adjustment as regards the proportions 
of air and fuel, it is ordinarily not so satisfactory as petrol for work afvariable speeds 
requiring throttle control, as in "motor vehicles. Unless the mixture can be kept at 
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the same correct adjustment, combustion will be incomplete and result in heavy fuel 
consumption and a dirty engine. There is also the risk of liquid paraffin entering 
the cylinder and thinning the lubricant. 

The Crossley is representative of the four-stroke or Otto cycle type of petrol-paraffin 
engine: it has high-tension ignition, rotary magneto, and throttle governing: the 
last is a special feature, the vaporiser being designed to allow of different running 
speeds. 

The Glasgow and the Celtic vertical engines work on the Otto cycle, but have single 
sleeve valves and air cooling. The sleeve valve is a sleeve interposed between the 



Fig. 208. —.Showing Arua.noemf.nt.of <!f.ar and Section through Vaporiser 
of Petrol-Paraffin Engine. |6V<msIci/.| , 

II 1 

cylinder and piston, and possesses ports through which the mixture and exhaust gases 
pass as the sleeve is actuated. Silent mining is a noticeable feature. Ignition is 
by high-tension magneto, and the carburetter is floatlcss. The lubrication is on the 
splash system ; oil is kept at a certain level in the crank case, and the dipper on the 
end of the connecting rod pichs up the oil from the oil-trcugh and splashes it over 
the sleeve, etc. • ' ' 

The Petthr Junior Oil-Engine works on the two-stroke principle, every down-stroke 
being a working stroke, (a) Oil the first up-stroke air is sucked into the crapk case, 
and the mixture already admitted to the cylinder is compressed. (6) Ignition then 
takes place (by means of a high-tension sparking-plug) and the piston is forced down¬ 
wards by the explosion, (c) On approaching the end of the working stroke, the piston 
uncovers the exhaust port and the exhaust gases escape. (<l) Then the inlet port is 
uncovered at the end of'the stroke. '0,n the opening of the inlet port, whieh'is con¬ 
nected with the crank case, the air enclosed in the crank case, now under compression, 
rushes through the connecting passage, taking with it fuel vapour into the cylinder. 
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The piston head is shaped to direct the mixture to the end of the cylinder and sweep 
out the remaining exhaust gases. 


(B) Semi-Diesel Engines 

In the carburetter type of engines above described the fuel is mixed with the air 
before admission to the-cylinder. This gives excellent results with petrol; but with 
paraffin there are certain objections, while with the heavier cheaper oils, mixing in that 
manner is impossible. The chief objections to the use of paraffin in this way are, that 



Fig. 209. —Section through Front Hlev\tion of Sleevf.-V\lve Engine, 


Water-cooled Tyre, the “ (Jlasgovv.” [ Wallace . \ 

t 

it is so sensitive to incorrect adjustments of air and fuel vapour, and that the mixture 
cannot without pre-ignitioh be compressed sufficiently to insure complete combustion 
and the greatestffuel economy. To avoid these objections, tjje fuel may be introduced 
directly.into the cylinder at thy end of the compression stroke ; only air is compressed, 
so pre-ignition is impossible. » * * 

In the Diesel type of engine the compression is so high that the heat ignites the 
fuel as it is sprayed into the cylinder; no spark or lamp is needed. The fuel is 
injected into the cylinder by means o ( air compressed to about 500 lbs. per square 
inch. ‘Diesel engines are too expensive»for farm work. '(femi-Diesel engines have 
• moderate compression, 120-150 lbs. per square inch. 

If the end of the cylirfder be provided with a hot bulb, i.e. a bulb not covered with 
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the water jacket that encircles the rest <?f the cylinder, and if this bulb be heated before 
the engine is started, the spray of oil injected into the cylinder will be vaporised 
and ignited by moderate compression, without a magneto ; and the heat of successive 
explosions will keep up the temperature of the bulb, so that the lamp is not required 
after starting. If the engine is running light, however, the lamp may be needed. This 
is the typical hot-bulb or Semi-Diesel engine. Strictly speaking, the latter term should 


WATER OUTLET 
PISTON 

INLET PORTS 


CONNECTING ROD- 
AIR VALVE 
CRANKCASE 



.SPARKING PLUG 

-NIGH TENSION CABLE 
LNOZZLE 
.PATENT FUEL INLET 

FUEL VALVE 

_AIR BAFFLE LEVER 
- AIR BAFFLE 

_DELIVERY PIPE 

L PATENT FUEL PUMP 


Fig. 210.— Section through Side Elevation of Two-'Stroke Paraffin 
Engine,' the “ Pftteh Junior.” \ Pei levs Lid.] 

5 b.h.p. 600 re\ s. 7" pulley. t 

be applied only to those in whidii the,fuel is injected by 'means of an air blast, whereas 
many engines have mechanical injectors. T . , 

Three fami engines of the > Semi-Diesel type* which illustrate different methods of 
working, are (1) the Ogle Ttfo-Stroke, (*i) the Blaekstone s.f.c., and (3) the Ransomes’ 
Wizard. . . , ' 

(1) The Ogle Engine, —This is made in different sizeg, but a speciality has been 
made of the 6-7 b.h.p. It is in great demand for motor boats." The engine is a vertical 
two-stroke, with moderate compression. In the hot-bulb pattern, no magneto is 
fitted ; this is an advantage in engines working in damp situations. In the ordinary 




Km. 211. —Section throuoii Front Elevation or Two-Strokf. Paraffin 
EnOINF, THE “ I’F.TTKK JvNIOR.” [/'eHfM Ltli.] 


(2) The Ransomes' Wilanl .—This also is a smal? vertical two-stroke engine, but 
it has high coutpressiorf—about -150 lbs. per sijuaw inch hence it dispenses with 
both hijt-bulb and magijetp ignition and starts on paraffin. Instead of pumping the 
fuel into the cylinder at the end of the compression sttoke, the fuel is drawn in on the 
suction stroke, tut does not mix with the«e(imj>ressed air until the time for ignition. 
This result is attained by the use of a “ porous ” cup, through the pores of which the 
fuel is squeezed as the compression reaches tire maximum. t 

(3 )*The'Blnckstone Start from. Cold Engine,.— This is a slow-speed horizontal four- 
stroke. The fuel is sprayed into the combustion chamber with a blast of compressed 
air of the end of the comjfression Stroke and ignited with the low-tension electric spark. 
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Fir,-213 .—Two-Stroke Paraffin Engine. "The Wizard." Fig. 212.—Two-Stroke Paraffin Exgine with Fuel 

Ignition by High Compresnion. j Ran - tom ' -. | Injection. [<></!: . ] 

0 b.h.p. SOOr.p.m. lul' pulley. 0 b.h.p 420 r.p.m. Pulley 12". 


HEAT ENGINES 


207 



air used for injecting the fuel is supplied by a compressor worked from 
tire engine crank shaft, and a reservoir 
charged by this enables the engine to be 
starred from cold merely bv pulling a 
lever. The fuel consumption at full 
load is stated to be from -72 to -!»5 
lb. per b.li.p. per hour, according to 
the size of the engine. 

('. CIw-Encinks 

As "was frequently to be seen dur¬ 
ing the days of petrol control, petrol- 
engines, can run on coal gas. The 
fuel being already in the gaseous form, 
no vaporiser is required, but the gas 
must be mixed with the proper propor¬ 
tion of air before being ignited in the 
cylinder The gas could be admitted 
K , u . an ^ through a nozzle in an induction pipe, 

on the lines of the carburetter; but in 
a slow-speed single-cylinder engine there would be considerable escape through 
the air-holes during the non-s'uctiou 
strokes of the engine. To avoid such 
loss, the inlet valve is designed -to 
shut off the. gas after the suction 
stroke. In the Oossley gas-engine 
the lift of this valve is controlled by the 
governor, ngire or less gas and air tying 
admitted according to the load. 

Gas-engines art' clean and reliable, 
being comparatively free from the 
troubles associated witli incomplete 
combustion. They are also economical 
in running, and, being made for* powers 
of all sizes, them is no question as to 
the superiority of the gas-engine for 
driving stationary machinery wherever 
a supply of tbwn gas is available. , 

Suction-gas plant is applicable only Fl0 
for comparatively large power re- 
quiremtnts.' The fuel requirement of * 

• a 50 b.h.p. suction-gas plant is about 1 to 
modern gas-engine lias magneto ignition. 



2in.--lsi.ET ,Valvk of C \s Ksiuse si.ow.su 
.“ Lift " -\i I.iuht ls>.\i>. [Criwki/]. 

* 

• ' 

11*11,. of coke per b.h.p. per hour. The 
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3-0 b.h.p 10' pulley. 12.7 revs. 3}" boro. S' stroke. 



Fio. 217. —Showing Paraffin Carbobettbh, Low-Tension Magneto, and Valve Mechanism of 
Bamford Engine : Inlet Valve is Automatic. [Bamfordt.] 










CHAPTER XVI 


MECHANICAL CULTIVATION 

) 

The problem of harnessing mechanical power to the'work of food product ion is almost 
as old as the steam-engine itself. - the’inost famous improver of the engine, James 
Watt, took out a patent for steam ploughing in 17J0, and different solutions to the 
problem are constantly being put forward. The cable system of steam tillage was 
introduced by the late Mr John Fowler in 1850, and, although it never quite realised 
the sanguine anticipations of the writers of the middle of th^ last eenturv. especially 



too. 218.—9-10 FuriuIw Anti IVu.am k Pakinu PLitmm, Del-th to 5". I Fnirhr . 


in the matter of displacing the horse, it is still the favourite method of power 
farming in some codntrWand with,, many formers'in Britain. The idea of rotary 
cultivation was advocated and tried some tjnie after the adoption of the cable system, 
but it made little headway : it has reappeared'with somewhat different implements. 
Since the beginning of the present century renewed attention has been given to the 
method of direct traction of the.implements behind the engine, resulting in the de- 
i velopment of numerous types of light tractor, Chiefly oil but including steam-engines ; 
and the same optimism has been displayed with regard to the probability of supplant- 

20!) 14 
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ing the horse as was shown in the early days of steam tackle. More recently 
light ..cable-winding oil-engines have been placed before the farming public ; and on 
the Continent, and to some extent in this country, pioneer work is being done with a 
view to the application of electricity to arable cultivation. 

Advantages 

The advantage of possessing some form of mechanical power for farm work,' 
whether the form be steam tackle, motor plough, or tractor, lies in its ability to do 
heavy work and do it quickly, thus covering the desired acreage within the proper 
season. Sir John Russell records in the 1918-20 Report of the Rothamsted Experi¬ 
mental Station that “ in the old <]pyst>f slow horse cultivations, sowings could not be 
completed in October or November, and th^re remained always fields to be sown in 
January or February, according as the weather allowed. Since the advent of the 
’ tractor, however, the work has been pushgd well forward and the land has all been 
sown in November. The actual dates of completion of sowing are :— 


... ... . 

Autumn 

Seeding 

Time. 

Oats. 

Wheat. 

Horses only used .... 

1915 

Oct. 16, 1915 

Feb. 27, 1916 

>>>>>>• 

191(1 

„ 17, 1916. 

Mar. 16, 1917 

>»>>>»• 

1917 " 

„ 27, 1917 

Jan. 26, 1918 

Tractor used. 

1918* 

„ 5, 1918 

Nov. 26,1918 

»»»>••••• 

1919 

„ 4, 1919 

©et° 80, 1919 

»»»»••••• 

1920 

... . , < 

• „ 14, 1*920 

• 

Nov. 11,1920 


“ Many of our experiments have shown the vital necessity on fhis land (heavy 
loam) of sowing at the proper time ; the following is an example :— 

“ Wheat sown in time (Nov. 24, 1916) . . • 26| bushels. 

„ late *y?eb. 17, 1910) . . . 19 j bushels.” 

Another effect of the safne advantage lies in the grlatei*freedom it gives the farmer 
in the matter of the succession ef his crops. In most clistrists it is preferable to sow 
winter rather than spring corn whenever practicable; not only because it yields 
better and is less affected by Heeds, iflsect pests, and weatfier Conditions ; but also 
because the fact of having«a 0 good proportion of the land autumn-fown relieves the 
pressure of spring work and.allows of the proper preparation for roots of land that 
would otherwise have to be sown with some crop demanding" less labour. Bare- 
fallowing can also be redheed if powei; is available, to clean , the stubble:? when in the 
right condition for killing the weeds, or to break up second seeds in the dog-days after •, 
one crop of hay. 
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A third effect of having untiring power is.the possibility of carrying out special 
operations that may be desirable on the land in question. Sub-soiling is beneficial 
on certain soils; but it can only be done with satisfactory results when the subsoil is 
dry ; which is in the autumn, when the teams are too busy on other urgent work to 
be spared for this. Trenching for special crops is also autumn work ; while mole- 
ploughing on grass-land has to be done when the top soil is dry and the subsoil moist— 
in the throng of early spring 


cultivations. , 

Under conditions suit¬ 
able for the extensive use of 
mechanical power, its adop¬ 
tion docs effect a consider¬ 
able saving of both man and 
horse labour. This applies 
particularly to special crop¬ 
ping systems'such as con¬ 
tinuous corn-growing, where 
most of the work can be done 
by machinery. Under the 
conditions of British mixed 
farming, however, there are 
many operations for which 
engine-power cannot be or 
has not yet been successfully 
applied, and a certain staff 



of labour *is •required for 

duties not directly connected v*ith cultivation. Hence the reduction of the numbers 
of men and horses consequent on the adoption of a tractor or a set of steam tackle 
is not very* large. The benefits fff greater production probably exceed those of 


cheaper cultivatfbn, at any rate on medium-sized holdings. 



Systems of Mechanical Cultivation 

• 

Mechanical motive power in^y be applied to farn^ implements in four ways :— 

1. Cable Haulage.—The implement is drawn towards the engine by *ieans of a 

steel rope winding on a drum driven by the engiqp. * • 

2. Dwect Traction* -'{h«k implement is touted by.tjfe motor (as a separate unit) 

travelling over tlje ground. * 

3. Self-contained Motor Plough .—The inTpltnjent forfti* part of the same machine 

as the engine. .* , . • 

4. Direct plnvemenl .—Thg engine not only draws the implement with it over the 
ground,*but also directly activates the cultivating parts. 

* Few trials have been made which provide the material necessary for proper com- 
parisqp of the different methods of mechanical cultivation and of the two main types 
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of engine—steam and internal combustion—used in the work. Some of the important 
factors, depreciation and cost.of repairs, cannot be ascertained in tests of short dura¬ 
tion. However, the following figures relating to machines of somewhat similar 
capacity—drawing 4 or 5 furrow ploughs, 10 inches x8 inches—throw some light on 
the subject. They are taken from Table III. of the Report of the trials conducted 
at Aisthorpe in 1920 by the R.A.S.E, and the S.M.M. & T. 


e 

( 'lass 4. 
Steam 
Traetorsr 

Class G. 
Steam Cable 
Tackle. 

Class 3. 
Heavy Motor 
Tractors. 

Class 5. 
Motor Cable 
Taekle. 

Number of furrows . 

t 

4 

* 

, 5 

4 

4 or 5 

„ ,, attendants 

' 2 

4 

1 

3 

Minimum time in hours to 





plough one acre : - 





Light land . . ‘ . 

102 

0-62 

1 21 

0-55 

Heavy „ . 

1-83 

0-77 

201 

103 

Minimum fuel required to 

Coal. lbs. 

Coal, lbs. 

Paraffin. 

Paraffin or 

plough one acre :— 




Petrol. 

Light land . 

147 

97 

2-62 gals. 

1-92 gals. 

Heavy ,, . . . 

330 

177, 

7-12 „ 

403 „ 

Minimum cost of fuel and 





labour per acre 1 

s. ,1. 

s.' <L 

a. (1. 

<s*. <1. 

i Light land . 

6 0 

5, 7S 

f. 10 

6 2 

Heavy „ . 

12 1 

8 ij 

10 8 •> 

13 0 

Average cost of outfit 2 

£1000 

£4330 i 

£900 

1 

£3125 


CAULK ,IIAULAGK ' 

Mechanically this is a better system than direct traction, as the engine remains 
stationary while pulling tint plough, and therefore a high proportion of the work 
done in the cylinders is utilised in actual tillage. In the direct traction systems, 
from one-third to two-thfcds of the power generated b/ the engine is absorbed by 
the unproductive work, of driving the tractor itself over tlfe ground. The fuel con¬ 
sumption for equal tillage effected is therefore greater in the latter system, and the 
wear and tear of the engine iS accelerated in proportion to the wasted energy. In 
cable tackle, the only loss <o£ this kind, israbout one-sixth involved‘in the winding-in 
of the cable. As regards tlje movement of the engines on the headland, the cable 
system has a great adyantage ; for, whereas in the traction system the land has to 

1 Prices in Sept. 1920, viz.:—labour, 18d. per hour ; paraffin, Is. lid. per gal. j petrol, 3s. 5d. „ 
per gal.; coal, 44s. 6d. per ton. 

* Prices in Sept. 1920. 
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be ploughed in suitable widths of ridge, and there is considerable waste of effort in 
eippty running on the headlands, in the cable system qpe-way ploughs are used, and 
there is no such loss. 

The mechanical disadvantage of direct traction is emphasised when the tTactor 
is catted upon to work against a gradient, on soft ground, on wet soil, or in work 
requiring high implement-speed. With a certain degree of slope or of softness, the , 
work of propelling the'tractor forward absorbs so much of the engine power that 
there is none left to ppll the implement, and the tractor itself may be unable to move 
forward. If the soil is wet or loose, there is great loss of power owing to wheel slip, 
which limits the hauling power of tfte tractor. If high speed js desired, as. in culti- 


<s>* 



Fig. 220.— SiSV bn -Furrow Disc Plough and Cambridge Holler at work. [ Fowler .] 


vating, this can be attained only with a relatively narrow implement taking little 
width : high speed with a tractor on other than hard "ground absorbs anything up 
to 100 per cent, of the power developed by the engjnf. The mechanical efficiency 
of the cable tackle is not affected by these considerations. * , 

Agricultural^ the cubic tackle, has advantages jn thht the tngines do not compress 
the soil pr the subsoil; jt fan work on stubbles toq bard for the tractor wheels to 
grip or too soft or wet to carry the \feight of the tractor ; a higher speed, therefore 
greater pulverising effect, can be obtained* wtteji desired* deeper work is possible ; 
and when working irf land con|aining obstructions, the extrication of the implement 
after striking such obstruction can be effected simply by a pull back from the idle 
engine. * The use of one-way ploughs ha# been already mentioned. Trenching and 
* mole draining are best done by cable. 

Tlje drawbacks to cable tillage *are the greater capital outlay necessary to instal 
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^ * ** i . n^p f nr f that the cable system has hitherto been 

“Ll".K“ h“; y 'engines doe, no. bo.ev.r, justify « od.W.m to .be efet 

it is not. necessarily associated with steam. In fact animal windlasses are 



/ i 


r , "s'*■ ■ ’ i / 

.( , ^ •’ig/ ; \1 . * "* '«. 

( /:• '.^ ! \ , y-\ 


Fia. 221 .—Motor Winhi.ass at work. \_McL nren.l ' 

some countries for the deep trenching of land for vine-growing. Motor 
driven by oil-engines are now made, and'such progress as has been made in 

to % SwSSi »/ *» «- •»>» driving plougbingengne. 
the latter 8 g free from some Of the objections to ste ( am tackle; but it brmgs in the 
difficultly connected with the use of the internal conation engine on th land 
In favour of the oil-eng ; ne it may be stated that the weight is less than a 
the steamer • which overpomes the difficulties of crossing .bridges and culverts and 
firm roads and'field drains. The labour of carting fuel and water is 
irreatlv reduced • the engitie starts up -wrthout the delay involved in raising s earn , 
and tlm motormy be light enough for hpuling binders, et. 
it mav be areued that ,the engine is iftore reliable, being free from t 

nected with i^ition, poor fuel, and extreme wear of certain .^VMTelay' 
in the steam-engine'. The latter is simpler to operate, and, ^oughthereisd y 
in starting, the time can be well spent in giving the eng.he attentions that ar,e 
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quently neglected in the quick-starting type,; moreover, there is less doubt about 
the engine starting than can be said of the oil engine qfter standing outside through 
a cold night. On the matter of power, steam is more flexible, the engine being 
able to deal with a heavy overload for a short time. Lastly, the fuel is a home- 
pro&iced article and often a cheaper source of power than oil. , 

In spite of the advantages of steam, we are inclined to think that there is an, 
opening for an engine that can combine the two systems of direct traction and cable 
haulage: one that can be used for cable cultivation and for hauling a self-lift plough 
or a couple of binders. Whether an engine light and handy enough for the latter 
purposes would possess the stability requisite to resist the side drag of a ploughing 
cable remains to be seen. Light engines are* of course used in some countries for 
cable work, a rail track being put „down,to provide the necessary, resistance. On 
the other hand there may be something in the argument that strength and real 
durability, whether in steam or in oil tackle, necessitate considerable weight. . 

a 

Systems op Cable Haulage 

Cable tackle may be worked on three or four plans, two of which have been well 
tried, while the other two are more or less experimental:— 

(1) The double-engine system. 

(2) The single-engine system. 

(3) The windlass tractor. • 

(4) The windlass plough. 

(1) The Double-Engine. System 

Two winding engines arc Rationed one at each side or end of the field, between 
which the implement is drawn back and forth as each engine winds in its turn. At 
the end of teach traverse the one iftigine moves forward a length equal to twice the 
working width “bf the implement, ready to pull the implement back as soon as the 
second engine has completed its traverse. * According to the size of the field and the 
length of cable the two gngines are stationed up to 500 or 600 yards apart. This is 
the favourite method of operating steam tackle on large farnjs and with hiring com¬ 
panies both in Britain ahd atyoad. It is simpler to* set down and take up, more 
expeditious in working, and more dependable than the sfhgle-engine sys|em. 

The engines’used wfth steam tackle in this # coufltfy ar« generally compound of 
8 to 16 •“ nominal ” {pp.,the former for private and Jh# second for hiring use. Owing 
to improvements in the steam-engifie in recent years, the “ nominal ” horse-power 
of a modern steamer gives a much greater* forking power than that of the older 
patterns. The actual brake,, horse-power, is several .times the “nominal.” The 
weight is rgther more thsyi a ton*per n.h.J). The motps windlass has a horse¬ 
power °of 32-40 in the*McLarea and 60 in«J;fie Fowler, the weight of the former 
being tons and that of the latter about 8 tons ; this firm’is now making three 
sizes, however. 
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(2) The Single-Engine System 

There are two or three methods of using the single engine :— 

(a) One-Anchor Car .—The cable passes from the engine (which has a double 
winding drum) on the one headland to a self-moving anchor wagon on the opposite 
. headland, then along this headland to a corner anchorage (snatch block), and 
diagonally across the field back to the engine. Tile implement passes to and fro 
between the engine and the anchor wagon; and at the end of each traverse the 
engine and the wagon move forward alternately, as in the double-engine system. 



Fio. 222.- Dodbi.e-Enhi.ne Cable System at'work. |Fom7m\| 


Fowler’s automatic anchor is entirely self-acting, and is ipoved along the headland 
by the ploughing cable, on which a ball is fixed. When the ball comes in contact 
with the stop on the wagon, the holding tines are lifted o\it of the ground and the 
wagon moves forward such a distance as the driver determines. When the engine 
begins to work in the opposite llirecfion, the tines drop into the ground again. The 
wagon has two disc wheels to vut into £he ground and thereby resist sideways move¬ 
ment when the engine is pulling. If the field Is of irregular shapy more than one 
snatch block may be required ; and .to-'kfep the rope off the ground “ porters ” are 
placed at suitable points. - , \ 

The above system is-lpss expensive'to instal'than whyre two engines are adopted, 
and for that reason it is more adapt*;! fok smaller occupations. A second 1 'engine 
can, of course, be added to convert the tackle into a double-engine set, where condi¬ 
tions justify that course, the same implements being used in the two systems.For 
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very heavy work or for deep work on soft land, the double-engine system would be 
better, since there are limits to the resistance of the anchor wagon. 

(6) Two-Anchor Wagons .—This is also known as’ the old roundabout system. 
The engine is stationed in one corner of the field, or at some other convenient place, 
and there it remains. The cable passes from the drum to a corner block, then along 
the headland to the first anchor wagon ; from here it passes across the field to’ the 
second anchor wagon,-then round by another corner block back to the engine. The’ 
implement passes to and fro between the two anchor wagons, which are self-acting, 
as in the above plan. Porters are required as before. 

The advantage of this plan is that the engine does not move on the headland at 
all; and if a separate double windlass In; available it is not necessary for the engine 

to have drums ; an ordinary traction engine may*then he used to drive the windlass 

» * 



instead of a special ploughing engine. This method was adopted by two firms of 
steam-tackle makers in the early days, anchors moved by hand being used instead 
of anchor wagons. Its disadvantage is the additional length of cable involved and 
the difficulty of properly controlling the movement of the anchors from a side 
position and at a considerable distance. Only limited areas can be dealt with 
in one setting. * • < 

The roundabout system has recently been reyived in conneetiorf with electric 
tillage, It is convenient for this purpose*to lujve the electric motor-windlass 
stationary. The current is led from the supply Vues' through a transformer and 
apparatus for regulating the amount of (jur/ent, to theanotor that drives the winding 
drums, the rest b»ing the same as above described. On the Continent, where most 
of the experimental work in this matter has-been carried out, both the double-engine 
system and the one-ajiehor plan of the single-engine system are in operation; but 
the extension of electric ploughing is limited by the problem of obtaining current 
supply. There is also some diference of opinion as to its economy. 
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(3) The Windlass Tractor System 

This is a development of the ordinary tractor by the French firm Messrs Bajac. 
It is a tractor for ordinary purposes, including ploughing, but it can when desirable 
be used to wind the plough towards itself. When being used as a winding engine, 
it travels over the ground ahead of the plough, running at a high speed and paying 
out its cable, which is about 220 yards long. At the‘end of its cable, or on reaching 
the headland if the field is short, it is stopped and fixed firm by an automatic 
anchorage. It then winds the plough forward. If the field is longer than the cable, 



i 


Fici. 224 .—Tracteur-Tretjil (TJrutor-Win glass) pulling 
a Balance Plough. |J3a?'ar.] 

© 

it makes another bound forward and completes the work on this length in the same 
way. The horse-power is 30 to 35, and the plough a myltiplp-furrow balance pattern. 
Tractors of this type are m&de by other French firms; this, and the fact that the 
Bajac machine has been on the riiarket for more than teii years, indicates that there 
is a demand for tractors that can pombine the cable and- tbe direct traction systems. 
Two Bajac tractors can work on the double-engihe system, but their,distance apart 
is limited to about 220 yards 1 . • “ 

» (4) Windlass Plough'System , 

' t , , ' 

. , a 

In this system the eable is anchored at the two ends of the furrow, and the tractor 
or motor plough winds itself towards the first anchoi, and back towards the anchor 
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at the other end of the field in the same way. Both internal combustion engines 
and electric motors have been used on this system on the Continent; but, although 
the idea has not been given up, it has not so far attalhed much success. 

In addition to the above four systems of cable working, the windlass is used in 
various other ways, more particularly for deep ploughing and trenching. Sometimes 
the engine or a horse gear is used to wind the plough in one direction only, no anchor 
being put down. In-this eas^ the plough is drawn back empty by a horse; or a’ 
modification of the one-anchor plan is adopted. Instead of an anchor car at the end 
of the field opposite the engine, a sheave is hooked on to a chain and moved by hand 
to allow the engine to wind the plough back empty. The chain is stretched along 
the headland and fixed down at the ends. T^ecently a hand-worked windlass plough 
has been introduced. » 
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• * 

* Jmi’lbments used with Cable Tackle 

• 

The makers of cable tackle are also makers of the various implements hauled by 
the engines; and their experience, extending from fifty to seventy years, has gradually 
'developed types of implements suitable for the purposes iiftended. They are, how¬ 
ever, continually improting *hem and adding to •the list of varieties. The ploughs 
are almost exclusively balance ploughs, the fivejfurrow being *a corftmon size for 
ordinary deep ploughing in this country. Iif orde^that a preponderance of weight 
may lie on the end*of tlie plough tint is in tile ground at'the time, the wheels are made 
to move forwSrd in the frame in the diryetjon of the dsaught, and when the direction 
of draught is reveesed the balance is transferred to the end that is to come into opera¬ 
tion. Without this so-called autobalance -device, tfie plough is liable to be tipped 
up c»it of'the ground, especially at high sp'eeds. Recently improvements have been 
made in this part of the plough to facilitate'the tipping at the ends of the field. 
m Steam cultivators have received more favour than ploughs in this country. The 
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ploughs became distrusted in the early days when they were used for too deep work, 
bringing up raw injurious subsoil. The cultivators are less liable to bring up subsoil, 
if not set too deep when the Kind is very hard ; but they have other advantages: 



Fig. 226. —Ploughing Engine driving Thrashing Machine. \ McLarm .\ 


they can be operated more expeditiously and break up the land better than the 
ploughs when it is in hard condition. The feasibility of deeply working hard clay 
stubbles is one of the great advantages enjoyed by the owner of steam tackle. 




CHAPTER XVII 

JRACTORS 


* 

DIRECT TRACTION- J TR^CTOR TILLAGE 
• 1. Development 

Just as steam cultivation originate^ in England, this country was also the 
birthplace of the agricultural motor tractor. As early as 1903 a fairly well- 
developed ploughing tractor—the Ivel—driven by an internal combustion engine 
was exhibited at the Royal Show, while in 1910 four tractoA of that class competed in 
the ploughing trials conducted by the R.A.S.E. at Baldock. Greater interest was 
being taken in tractors just before the outbreak of war, and the society had all its 
plans ready for a comprehensive trial in 1915. Owing to war conditions and their 
effect on the engineering industry, these tests had to be postponed, but were carried 
through in 1920 under the sama regulations as had been prepared for the tests intended 
for 1915. 

The greatest development of 'tractor cultivation took place under the pressure of 
the Food t Production Campaign oi 1917 18 and under the conditions obtaining during 
the following two years. When the call came for tractors, the British engineering 
firms were fully occupied with munitions work, and the great majority of the machines 
and most of th# implements Ipid to be imported from America. That the tractor 
assisted gfeatly in the campaign cannot be denied. At the time, horses were scarce 
and expensive, and skilled agricultural labour was equally deficient. Possibly 
additional horses could have been imported; but their transport would have been 
more difficult, and the problem of feeding them would have further strained the food 
Supplies of the country. After the signing of the armisticet conditions remained for 
some time in favour of Jhe substitution of tractqjrs foj horses: lhbour was scarce, 
expensive, and subject to limited hours of work ; horses were*like\wse expensive 
and costly to ?eed and maintain. By the middle of 1921,‘however, these conditions 
had Very considerably changed, and the advantap/s of the tractor over the horse 
team in the matter of cost had become less apparent. 

* .1 

.* 2. Quality ov Work Done 

• • 

la farm operations,timelines is frequently of greater‘importance than differences 
in methods of execution. In many field processes there is no questibn as to whether 
time or method is predominant; work done too late by whatever method cannot be 
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good. 


The tractor, owing to its 


greater speed than horse teams, its wider working 
wid^h, and its capacity to continue 
in hard work without fatigue, 



Fio. 228._ International Junior I’l’I-I-INO I hreb- 

* Furrow Self-Lift Plough. \ IH . C . | 


greatly assists the farmer to carry 
opt his operations at the right time 
and to keep forward with his work. 
It cap make long and effective 
days hauling the .hinder and im¬ 
mediately it is free of vhat work 
it can. haul the jhough or the 
appropriate stubble breaker to 
work the stubbles while the land 
is dry and when cultivation does 
most, good. In the spring it again 
enables th'e farmer to work a large 
area of land in a short time, and 
thus take , adyantage of those 
limited periods whep the soil can 
be moved to the best advantage. 
Rapid, cultivation in the spring 
•when t.li.e land is dry enough to 
work attains the desired kind of 
seed-bed with the minimum loss 
of moisture. 
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On heavy land the horse teams do not as a^rule plough the land to the depth that is 
4esirable. A suitable tractor can plough it 1 i to 2 inches deeper than it had pre¬ 
viously been ploughed by horses. 

Under certain conditions it is possible to much better work with a single- 
furrow horse-plough than is done by the three-furrow self-lift outfit. The complaints 
at one time so common as regards the quality of the work of tractor ploughs have, 
however, been largely ’removed,by improvements in the design of the breasts. For' 
most operations reasonably suited to tractor work, the quality of the work done by the 
tractor implement is equal to that of the horse-drawn implement. Where depth and 
speed are. important considerations; as in pulverising operations, the advantages lie 
with the tractor. * . 


3. Saving'of Man Labour 

A man operating a tractor and self’-liff implement can perform from 1 to 3 times 
as much* wo^k in the day as he could if driving a horse team. The tractor moves at 
2 -3 miles per hour, where the team would have a pace of 112 m.p.h.; it pulls an 
implement of greater working width than the team : and the operator is not obliged 
to limit the day’s performance in consideration for the engine and the next day’s task, 
as must the driver of the horse team. 

The following are fair figures for a day’s performance by one man driving a tractor 
and a team respectively :— 


j 

j Ploughing. i 

| 

Cultivating. 

! Harrowing. ' 

i * ■ 

Mowing. 

! * • 

} Aci l‘H. 

Acres. 

1 

Acres. 

Acres. 

i * 

| ‘Vn 

$ 

8-12 

15-25 

10-12 

H2) 

5- 8 

i 10-14 

! 

(3- 8 


To a considerable extent the question of labour saving by the use of the tractor is 
bound up in the reliability of the tractor and the skill with which it is operated with 
a view to keeping it in goAd working condition. Records of the time spent in actual 
work and in undergoinglepajrs in the case of the Government tractors used in the Food 
Production Campaign show how the daily output of .the tractor can be reduced by 
breakdowns and temporary disablement. With a fictrse team, it is rare that illness or 
lameness affects all members of the team.at.the same .time, and usually a substitute 
can be provided, sexthat the horseman’s time is not lost from the work in hand. With 
a tractor, on the ot*her hand, a breakdown affects the whole of the power, which must 
stand Idle until the repair Inis bepn effected. * Horses requite man labour in grooming, 
etc., and, if standing in the stable, need attention on Sundays and*other off-days. 
The.tractor also must lnrve attention when not working, otherwise it is likely to give 
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trouble when most needed: overhauls should be carried out at a time when the tractor 
is idle ; and minor attentions comparable with the grooming of the horses should be 
effected before commencing the day’s work. An unreliable tractor or a tractor 
handled unskilfully may be more a hindrance than a labour saver. 

4. Saving of House Labour 

The saving of horse labour and the substitution of horses by tractors are not quite 
the same thing. It is clear that it the tractor does most of the ploughing and cultivat¬ 
ing and hauls the binder, there will be less work oil the farm for the horses to perform. 
If a tractor is kept to relieve the horses of the heaviest work, they should wear longer ; 



Km. 229. — Bsackstone Tractor. J lilni-hlone | 

and it is the experience of farmers that the cost of feeding may be reduced without 
affecting their health and condition. On dairy farms, for instance, the horses can be 
kept with very little corn feeding, provided that a tractor is available for ploughing 
andotherheavy work. ^If atractor is not kept, the horses must have a certain quantity 
of “ idle com ” io keep them in condition for the heavy jobs. Where brood mares 
are a considfratiqp, the trafftor is?again a valuable help. 

The purchase of a tractor, hcAvever, does not enable the firmer to'reduce his horse 
strength in proportion to the “draw-bar horse-power ” o.f tjie praetor. It enables him 
to dispense with the reserve, of horses that he may keep for the busiest times ; and, 
under conditions suited to tractor work, af 20-25 h.p. tractor may take the place of 
four horses regularly kept on.the farm. t A second tractor would not, however, sub¬ 
stitute four more horses. There are hiany operations for which tractors are not 
well adapted; and even if they were.^arnlfers are ,not sufficiently confident’ in the 
reliability of tr'actors to reduce their horse strength to the point of entire dependence 
on tractors. The horses can work when the land’is not fit for the tractor; ,and, 
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although mechanical power reduces the need for working the land when unfit for 
tractor operations, it does not entirely elimin'ate it. 

♦ ' 

5. Cost op Tractor Work 

• 

ft is convenient to consider the cost of a day’s work by tractor before attempting 
to estimate the cost per acre. The principal items are the charges or expenses for, 
fuel, lubricants, repairs, depreciation, interest, and man labour, [n addition there 
are some less important charges such as cost of hoysing, time spent in caring for the 
outfit other than actual repair work^ etc. 

(a) Cost of Fuel. —The majority of tructyrs work on paraffin, after starting and 
warming up on petrol. The quantity of petftil required for this purpose obviously 
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• 

depends on the number of stops and re-styvts in the day, and the temperature of the 
air has some influence. Having regard to the desirability of allowing the engine to 
warm up thoroughly before turning over to paraffin, an allowance of 4 pints of petrol 
per day may be considered reasonably low. The cpst of this ruay be stated as 
approximately Is. (id. per day. J • , 

The consumption of.paraffin'per hour’s work varjes according t6 the horse-power 
developed by the engine during the work in liaml. A very efficient engine consumes 
about | pint of fuel pVr Ifip. per hour,,or | gallon per diw fof each h.p. developed during 
the work. Mos> tractors are capable of developing about ,25 h.p. at the pulley, and, if 
worked at their maximum power, would thus consume 25 x §= 19 pints per hour, or 19 
gallons per day of 8‘hours work. Ploughing 1 hgavy lautT may require the full power of 
the engine, tfither to pull the plough at al^or to pull a narrower width at a good speed. 
Generally, however, and advisedly, the tractors worked at two-thirds to fpur-fifths of 
its maximum b.h.p. A 25-h.p. (yactor working at those rates will, if fully efficient 
* 15 
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and properly operated, consume 13 to 15 pints per hour, or gallons per day’s ploughing. 
Heavy cultivating requires about the sa r me quantity of fuel per hour, but hauling one 
binder? is relatively light work'for a tractor of the above power, and the consumption 
per hour is about a third less than that required for ploughing. 

The following figures extracted' and calculated from particulars given in, the 
K.A.S.E. report on the Aisthorpe trials in 1920 give the average performance of the 
1 five tractors which showed the lowest fuel consumption in each of the two classes 
of ordinary sized tractors. The work was that of ploughing light and heavy land 
respectively to a depth of 6 inches: The work allotted to class 2 apparently taxed the 
full power of the engines. . 



H.P.'of 


No. of 

1 'Ji'ineto. 

Fuel Consumption. 

Cost per 

Class.' 

the 

Tractors. 


Land. 

10-inch 

burrows. 

Plough 
an Acre. 



Day at 


* 

Per Hour. 

Is. 2d. per 





• 

Per Acre. 

gal. 



• 


Hra. 

Gals. 

Pints. 

s. d » 

1 

21-8 j 

f 

Light 

2 

1-92 

2-90 

12-1 

14 1 

1 

Heavy 

2 

1-96 

3-84 

15-7 

18 4 

2 

26-1 j 

f 

Light 

3 

1-21 

2-96 

19-5 

22 9 

l 

Heavy 

3 

1-52 

* 

3-63 

t _ 

19-1 

22 3 


The cost of fuel per day for an efficient tractor yiay be stated at 16s. for ploughing 
and 12s. for binder work, plus about Is. 6d. • per day for starting fuel. This is 
approximately 2s. to Is. 6d. per hour’s actual wbrlr. These figures, it is necessary 
to repeat, can apply only to efficient tractors in competent hands. If the 
consumption much exceeds the figures above given, however, consideration should 
be given to the different matters affecting fuel gonoumption, especially, the adjust¬ 
ment of the carburetter. k 

(6) Cost of Lubricants .—The quantity of engine oil consumed per day varies widely 
with different tractors and different operators. Leaky crank cases can allow engines 
to waste large quantities of oil; and the dangers of insufficient lubrication are too 
serious to permit of risks in thp matter of the supply of oil to.the engine. Nevertheless 
there is no doubt that many operators use far more ‘oil than is really necessary, and 
thereby add considerably to thg operating expenses'. Ij’or instance, ithe Government 
tractors working in Kent during 1618 are recorded [Garrad, J.R.A.S.E., 1918) as 
having consumed about 41 pintn'per acre ploughed ; the 78 Tita'ns averaged a pint of 
oil to every 1J gallon of fuej, and the 38 Fprdsons consumed even mdre oil in relation 
to the fuel. " , 

It is bad management in this respect to give large quantities of' oil at long intervals, 
causing the engine to waste it at one timc e and at another^ to run with insufficient 
lubrication, The latter may be suspected when tie exhaust is quite invisible, and 
when the engine makes a blowing or hissing sound cr overheats. The better practice 
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is to give lubricant regularly and in relatively small quantities, using the quantity 
of.fuel consumed as something in the nature of a guide in the matter of the oil 
requirement. * 

With an economical engine a pint of oil to 6 gallons of fuel, i.e. about 2 to 3 pints 
of oil per day, may suffice. The consulting engineer for the Lincoln trials in 1919 
reported that “ from one to three pints of engine oil is required per day of eight 
hours.” The 36 tractors participating in this trial consumed on the average 13| * 
gallons of fuel per day, i.e. 13J pints per hour. ' At 2 pints of oil per day, this would 
be a pint to 7 gallons of fuel. At 9d. per pint, a charge of ls..6d. to 2s. 3d. per day 
represents the cost of oil. • 

Grease is a small but also variable item, wfiif h may be placed at about 3d.' per day’s 
work. • , 

(c) Depreciation and Repairs .—The (lumber of days’ service a tractor can. perform 
before it must be replaced, and the average daily* cost of keeping it in repair, are. 
obviously important factors in the cost t>f tractor cultivation. Unfortunately it is 
impossible t& offer figures based on long experience of the use of tractors in this 
country. Another difficulty is introduced by the fact that, yvith the constant stream 
of new patterns, the risk of depreciation by obsolescence in any machine now in use is 
considerable. 

The rate of wearing out depends on the number of days on which the tractor is 
used in the year and the treatment to which it is subjected. A machine of durable 
construction and operated in a way such as to avoid the necessity for frequent over¬ 
hauls, may naturally be expected to give longer service than a lighter tractor or one 
that is constantfy under repairs.. No figures are available, however, which enable 
one to say that it is more economical to purchase a substantial tractor at a higher price 
than a lighten less durable machine at a low price. It appears reasonable to august 
that the greater reliability of the substantially built tractor and its slower rate of 
depreciation will .repay the additional cost in the long run. Reliability is of the 
greatest importance in tractor work. 

In the year# 1917 and 1918 the U.S. Department of Agriculture collected the ex¬ 
perience of over GOO tractor users in the State of Illinois and found that the average 
number of days worked by the tractor in the year was 45, and that the average ex¬ 
pectation of life of the tractor was 7| to 8 years, i.e. ,337 to 360 working days. A 
tractor bought for £200 and lasting 350 working days depreciates at the rate of 1 Is. 5d. 
per working day. Although the figure for deprecfetion»appears to be high, closer 
examination supports it? Ip 350 days, at a daily consumption of ft gallons of fuel, 
the tractor’s life consumption would amount to 490Q gallons. This would plough 
1000 to 2000 acres according to the olass of lahd, ancUt ha’s been suggested by writers 
that a life-work‘equal to ploughing 1000 access fair. Ij the comparison be made with 
the life-mileage of afmotor car, 4900 gallons offuel, at 20 miles per gallon, represent 
98,000 miles. ’ * • , 

Depreciation cannot, well be, represented’as a percentage of the purchase price 
or value, since the rate must be higjier for the lighter and cheaper machines than 
the tpore substantial class. Prcffiably an assumption that about 11s. 5d. per day 
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represents the cost of depreciation, irrespective of the purchase price of the tractor, 
is' as near as it is possible to estimate at present. 

An estimate of the average annual cost of repairs is even more difficult than that 
for depreciation. Owing to the conditions under which farm tractors have to work, 
the wear on the working parts is very severe. Further, owing to the changes, and 
improvements in the fittings, the cost of repairs in the case of older patterns of 
machines becomes increased by the difficulty and cost of obtaining the necessary 
replacements. 

Repairs, like depreciation, arfe not accurately represented as a percentage of the 
cost of the tractor. A better price is paid with a view to saving on the direct and 



Fig. 231.—-Wallis Tractor driving a Y 0" Thjushina Drum. (Ruxton <(• Horrutby .] 

i 

indirect expenses of repairs. A certain amount of repair and replacement is, how¬ 
ever, necessary, no matter how good the machine selected. The expedience of Illinois 
farmers is recorded as follows :— 

“ Many tractors are kept in repair by the manufacturer during the first- 
year’s service, excepting for such items as are caused by some fault of the 
operator. „Of 140 tractor owners in Illinois who had used their outfits one 
season or less (average age,"9 months), 48 reported tffat they had spent nothing 
for repairs. The others hatl repair bills, the average being $22." Comparatively 
few machines go through their second season without repair charges. The 
average repairs for 158 Illinois outfits between the ages of 13 and 24 months 
(average age, 20 months) was $39. -For 34 machines between the ages of 25 
and 36 months '(average age, 32 months), the average repairs amounted to $79.” 

Converting dollars into sterling at par, we< obtain the following figures for the 
annual cost of repairs:—1st year, £4, Us'. 8d.; 2nd year, £8, 2s. 6d.; 3rtl year, 
£16, 9s. 2d. 'It will probably not be an over-estimate to place the cost of renaira 
per working day at about 5s., i.e. £11, 5s. Od. per annum." 
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(d) Interest .—This is calculated not on ihe original cost, but on the average 
investment. If the tractor cost £200, and was written down at the rate of £27 per 
annum, it would he chargeable with interest on a diminished capital each successive 
year. So that while the interest charged for the first year would at 5 per cent. 

1 amoflnt to £10, that for the last year would be only a few shillings. It will not.be 
very inaccurate, therefore, to estimate the annual charge for interest on half the 
purchase price ; and this amounts to £5 per annum, or about 2s. 3d. per working day. 

(e) Cost of Man Labour .—The tractor driver spqpds the bulk of his time on work 

other than driving the tractor. He, like the rest of the workdts on the farm, has a 
considerable proportion of time that cannot bp charged against any of the productive 
departments of the farm. If the man’s weekly waives be 3Gs., it would not be unfair 
to charge a day’s tractor driving at the rate of 7s. • 

(/) Summary of Costs per Bay.- 


Fuel . . 4 pints of petrol at 4|d. 

„ • # . .14 gallons of paraffin at Is. 2d. 

Lubricants . 2 pints of engine oil at 9d. 

„ . I lb. of grease at Is. 

Depreciation . £200-^-350 days 
Repairs . . £11, 5s. Od.-f45 days 

Interest . . £100 at 5 per cent. -r45 days 

Labour . . . . . . at 7s. per day 

Total 


£ s: 
0 1 
0 16 
0 1 
0 0 
0 11 
0 5 
0 2 
0 7 


d. 

6 

4 
6 
3 

5 
0 
3 
0 


£2 5 3 


(g) Cost -per Acre. —Disregarding’any costs respecting the use of the implements 
or machines gulled by the tractor? the following figures are offered as estimates of 
the cost of farm operations by tractor, when efficiently operated and when conditions 
are favqprable• 


JL 


• 

Operation. 

« 

Land or 
Depth. 

Acres per 
Day* 

Cost per 
Day. 

Cost per 
Acre. 

Remarks. 

Ploughing . . j 

Cultivating 

• . .1 

Harrowing • . j 

Pulling one binder .* . | 
Pulling two binders . ‘j 

_*_! 

Light 

•Heavy 

L'ght 

Il^avy 

Light 

Heavy 

Stand. 

crop 

Static^. 

crop 

• 

5 

4 

12 

8 

. 25 

15. 

I' 5 ' 

s. d. 

44 0 
46 6 
44 0. 
16 6 . 
' 44 &• 

46 6 

• • 

. 40 7 
<.*45 3 

• | 

• a. d. 

. 8 id 
M 8 
3.8 

5 10 

:> 9 
. .3 1 

• 4 1 

• 

• 

• 2 6 

1 g^l. of fuel less. 

1 „ „ more. 

• • 

Harrow 13 feet wide 
Drag harrowing. 

• 

4 gals, less fuel. 

• . 






230 FARM IMPLEMENTS AND MACHINERY 

To plough 5 acres in a day, a tractor with a 3-furrow 30-inch gang plough has to 
travel about 19 miles, including headland running. This distance can be covered 
at the rate of Q miles per hour in 7f hours continuous run, allowing no time lost 
in turning or in attention to the plough, or even the tractor itself. Obviously, there¬ 
fore, a performance of 5 acres per day is possible only under favourable conditions. 
t if' the engine has to run for the same length of time, and the day’s performance 
' amounts to only 3 acres, the cost per acre becomes 14s. 8d. - instead of 8s. lOd. A 
greasy surface, short or irregular)y shaped fields, or a plough that frequently blocks 
may add greatly to the cost of the work. 



CHAPTER XVIII 


TRACTOR PLOUGHS t AND PLOUGHING 

• 

The breasts of tractor ploughs may be of the left, the digger, or the intermediate 
types, the special uses of which haveebeen dealt with in earlier chapters, Owing 
to the cost of tractor plohghs, however, it is generally impracticable to have separate 
outfits ^ith different breasts ; hence it is necessary either to adopt a general purpose 
breast or to*attach the bodies to the frame in such a way that the different types of 
breast are readily interchangeable. It is important that Jhere should be sufficient 
clearance between the share and the beam and between one breast and the next, 
otherwise the plough will give trouble with blocking, especially when working deeply 
or when a skim coulter is fitted. A good tractor plough is, therefore, necessarily 
rather longer and heavier than one with the least possible margins of clearance. 

• 

. 1. Riding Ploughs 

• 

Until about 1918 tractor ploughs were made to be steered and operated by a 
second irfaiq, riding on the pl'ougH. The connection with the tractor was rrftde 
with a 5-feet to 10-feet chain or wire rope, or, less frequently, with a pair of 
crossed chains. # These so-called steerage or riding ploughs are still made, but 
for ordinary conditions their disadvantage of requiring a second man outweighs 
their advantages. There is_no doubt that better work can be done when the plough 
has one man’s whole attention, and on uneven ground this undivided oversight may 
be necessary to ensure gpod work : in this case the separate levers for altering the 
depth of the land and furrow wheels require constant operation. Further, the use of a 
fairly Ihng cable, although it involves making wider headlands, simplifies the problem 
of adjustment to reduce*side'draught. In this eftse the tractor may be run either 
with one wheel in the "furrow or with both wheels j>n the jand, as the circumstances 
may require. Generally thg advisability of Sdoptiqg a riding plough need not be 
considered for ligh£ tractors ; whe»e the tractor is "capable of pulling a plough taking 
several furrows, however, the second man’s assistance is more justifiable. 

A special type #f riding plough is useA for*fractor ploughing with powerful engines. 
In this case the 6’to 12 plough bo<ljes are flexibly attache^ to their beams, and each 
has a" 1 separate lever with "vhiclj the operate^ tan regulate its depth. The regulating 
levers are all directed towards a platform at the fore-end of the p!ough,on which the 
opqjator stands. > 
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2. Self-Lift Ploughs 

The ordinary tractor plough used in this country forms with the tractor 
a one-man outfit. The plough is attached to the draw-bar by some form of the 
croased-bars hitch, the depth levers, or the more recent regulating screws, ''are 
.within reach of the seated tractor driver, and by means of mechanism that is 
thrown into operation by pulling a cord, likewise within reach of the driver’s hand, 
the plough is lifted out of work ot earthed again. 

The design of the lifting device varies in different makes, the simplest being a 
pawl or a toothed rack which engages with a ratchet-wheel on the nave of one of 
the travelling wheels, the latter having a cranked axle stem : when on pulling the 
cord the rack and pinion come into engagement, the cranked stem is caused to take 
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Fin. 232.— Seef-Lift Thaotor Plough with Depth 
Regulation by Levers. [ Sauninson . | 

up a more nearly vertical position, and in so doing it lifts the breasts out of the ground. 
In others there is a chain-driven mechanism, which runs “ free-wheel ” while the 
plough is in the ground, but on pulling the cord engages with a part that is rigidly 
connected with the plough frame and causes the frame to rise as the stem of the 
travelling wheel takes up the vertical position. 

There is .difference of opinion as to whether the plough should be lifted on the 
land wheel or the furrow, wheel. 1 The argument in favour of' the latter is that when 
ploughing soft land the furrow wheel has the firmer bed, and rs, therefore, better able 
to lift the plough without slipping. On the othel hand, the land wheel is the proper 
regulator of the depth of the ploughing, afifl being placed to the rear of the furrow 
wheel it lifts the plough higher for a given length of movement. 1 he main advantage 
of the land-wheel lift, however, is the fact that it turns, the plough breasts out of 
the ground by leaning them furrow-wrrds,' which : s the same as is found easiest 
with horse ploughs, and makes neater furrow ends. There is a tendency to connect 
the hinder furrow wheel with the self-lift mechanism, wh’ere, as in most Bs'tish 
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tractor ploughs, such a wheel is present: thr^e or more furrow ploughs need a third 
wheel. The lift on the hinder wheel acts later than that on the land wheel, the object 
being to lift and earth the plough point first. 

On the Continent a different type of coupling and lift'finds a certain amount of 
favdhr. • The plough frame is attached to the tractor by a semi-rigid coupling;, 
and the frame and breasts may be hoisted bodily out of the ground, rear end upper¬ 
most. The advantage of this tirrangement is that, the plough being lifted quite 
clear of the ground, the tractor can be backed into any desired position. 

• 

3. Size of Tractor Plough • 

The width of work per breast may be varied by adjustment from about 
8 inches to about 10 inches in the'case of the lea and general purpose types, and 
to about 12 inches in thfe case of digger breasts.* To a limited extent the width 



Flu.'' 233.— Self-Lift Tractor Ploiioh with Dei-th Regulation 
bv Worm. [ liuslon d - Hornsby . \ 

can be adapted to suit the power*o*f the tractor, but it is desirable that the mhin 
consideration in this adjustment be the quality of the work. The adaptation of the 
total width of w#rk to the power of the tractor should be effected by the addition 
or removal of one or more breasts# 

The numbei of 10-inch feasts a tractor can pull in a given soil depends on the 
grip its wheels can secure in the soil rather than on the horse-power of the engine. 
The condition of the soil Jias a great effect bn the draw-bar pull of the tractor, *antl 
different kinds of spuds and other devices for securing,adhesion arc of limited service 
in assisting the tractor. * Long spuds, however, are liable to*1)0 broken on the head¬ 
lands, and they themselves mijy add to the rollffig remstanee of the tractor. It 
cannot be said*that th8 problem of wheel adhesion has bqpn fully worked out, but 
there appears to be an intimate connection between tjie weight of the tractor and its 
draw-bar pull. A light wheel-trac(*>r apparently catmot have a large tractive force, 
whatever power of engine it possesses. A 25-h.p. tractor may be suitable for pulling 
a 4-furrow plough fir only a 2-furrow plough in the same soil, According to whether 
it has good or poor adhesion, which) as already stated, depends on the weight of the 
tracto't. • , • ^ * 

The effect of differences in engine-power is seen in the speed at which the tractor 
can pull the plough. TKe force fequired to pull the plough is much the same whether 
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the speed be 1| or 3 miles per hour; bqt the power required to pull the same plough 
at these two speeds is double in the second case of that in the first. Much the same 
engine-power is required to pull a 2-furrow plough at 3 m.p.h. as a 4-furrow plough 
at U m.p.h. The light ttactor cap utilise its engine-power only by working at a 
hig|i speed ; the heavier tractor is more adapted for taking a wider gang at a relatively 
slow speed. 

It has been frequently urged that the design of» the plough requires alteration 
to allow of greater speed. If this problem could be solved, then, a light tractor fitted 
with an engine of high power could deal with a large area per day. The desirability 
of this change of desigp in plough applies chiefly'to light tractors. For tractors with 
better adhesion the problem is that of adapting the width of work to the draw-bar 
pull of the tractor. 1 . 

There is a considerable saving in the distdncq travelled to plough an acre of land 
jvhen the tractor pulls a wide plough ; and this saving affects the fuel consumption, 
the wear on the tractor, and the time required to perform the work. 

The following table shows the minimum distances travelled by a tractor in plough¬ 
ing an acre with ploughs of different widths. The field is assumed to be 220 yards long 
and the ridges 40 yards apart. The time required to plough an acre is calculated on 
a speed of '2\ miles per hour continuous running, with no deduction for loss of time in 
adjusting or manoeuvring the plough. 


Number of shares . 

2 

2 

3* 

3 

4 ’ 

4 

5 

Total width of work inches 

20 

24 

30 

36 

4(f i 

48 

60 

Distance travelled in j 
ploughing an acre J ml 68 

4-95 

4-13 

3-30 

2-75 

2-47 

2-06 

1-65 

Length of headland running ,, 

0-75 

0-63 

0-50 

0-42 

0-38 

0-31 

0-25 

Total travelling . . „ 

5-70 

4-76 

3-80' 

317 

2-fj5 

2-37 • 

1-90 

Time per acre . minutes 

137 

114 

,9f 

76 

L 

68 

1 

57 

46 


■ The possible working width with any particular tractqr depends greatly on the 
nature and hardness of the lanjl it is working. In one soil.the same tractor could pull 
6 furrows of 12 inches each with no greater tax on the engine than would be Incurred 
in ploughing 2 furrows of 10 inches each on another (Soil. 1 As there are limits to the 
variation of widfh by alteration of the width of tfie separate breasts, it is highly 
desirable for the above reasons t that dne or more of the breasts should be detachable. 
For most purposes a three-furrow ploujfn, of which the rear £><xly can be removed, is 
the most useful. Perhaps l'nqkers will further develop the idea of the variability 
of the number of the breasts. Hitching two ploughs behind <-the one tractor is 
not a successful solution this problem. )Vith some of the lighter tractors, 
however, the difficulty is that, while‘they will pull o two or three furrows in'lighter 
land, they aye not always equal,to the work of pulling two furrows at a good depth 
on heavy land. 
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The draw-bar pull of different tractors h^s been determined in the tests made by 
the Society of Mptor Manufacturers and Traders at South Carlton in 1919, and at 
Shrawardine in 1921. In the 1919 tests the ground was described as “ mois{ heavy 
clay on clover ley ” ; in the 1921 tests it wa^ “ exceptionally hard, with a dusty 
surface^ and the spuds or grousers did not penetrate into the ground.” The following 
particulars, taken from the results of those tests, give some idea of the force each tractor 
is capable of exerting when attached to a plough and travelling at its normal plpughingf 
speed. We have added columns in which are" shown the width of work practicable 
with each tractor on two different classes of soil, after allowing* margin of 25 per cent, 
to cover variations in the land anti the difference between ^ demonstration tractor 
and one that has had some wear in the hagds of less skilful operators than those 
chosen to work the tractors in such tests as these. * . 

Table showing possible width of ploughing of different tractors, based on the 
sustained draw-bar pull ascertained in the 1919 tests : surface “ moist heavy clay sod 
on clover ley ” :— * 


Make of Tractor., 

• 

o 

'l 

Hated 

H.Pf 

Weight. 

• 

• 

• • 

Sus¬ 
tained 
Draw¬ 
bar Pull. 

Sus¬ 
tained 
Draw¬ 
bar Pull, 
less 25 
per cent. 

• 

Width of Plough¬ 
ing. 

No. of 10*-12* 
Furrows. 

Light 

Land 

6 lbs. 
per sq.in. 
V deep. 

Heavy 

Land 

12 lbs. 
per sq.in. 
6' deep. 

Light 

Land. 

Heavy 

Land. 

• 

• 

• 

Tons. 

Lbs. 

Lbs. 

Inches. 

Inches. 



Mann *( steam) • 


5-4 

4700 

3525 

84 

49 

7-8 

4-5 

F.I.A.T. * 

25 

2*8 

3550 

2663 

63 

37 

5-6 

3-4 

Clayton (track) 

35* 

2-8 

3500 

2663 

63 

37 

5-6 

3-4 

Overtime • . 

28 

2-7 

3200 

2400 

57 

33 

5 

3 

Titan . 

. *25 

3-3 

2900 

2175 

52 

30 

4-5 

2-3 

Glasgow 

27 

1-9 

2800 

2100 

50. 

28 

4-5 

2-3 

Saunderson . 

?5 

2-5 

2700 

2025* 

48 

28 

4-5 

2-3 

Blackstone (track) . 

, 25 

.2-2 

2300 

17§5 

*41 

24 

.3-4 

2 

Inter. Jun. 

221 

1-8 

2150 

. 161« 

38 

22 

3 

2 

Austib . ... 

. 25* 

14 

195Q, 

1463- 

.35 

20 

3 

2 

Cleveland (track) . 

21 

1-f 

1650 

• 1238 

. 29 

17 

2-3 

1 

Fordson 

• 

22 

1-3 

woe., 

1125* 

27 

16 

■ 

2 

1 

• 

* 

• 

• 

• 


• 




Table showing possible width of ploughing by.cfifferent tractors, based on sus¬ 
tained draw-bar pull ascertained in 1921 tests : surface “ exceptionally hard ” 
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Wake of Tractor. 

Hated 

H.P. 

Weight. 

r 

r 

Sus¬ 
tained 
Draw¬ 
bar Pull. 

• 

Sus¬ 
tained 
Draw¬ 
bar Pull, 
less 25 
per cent. 

t 

Width of Plough¬ 
ing. 

No. of 

Furrows. 

Light 
Land 
- 6 lbs. 
per sq.in. 
7" deep. 

Heavy 

Land 

12 lbs. 
per sq.in. 
6" deep. 

Light 

Land. 

«. 

Heavy 

Land. 


' 

Tons. 

J.bs. 

Lbs. 

Inches. 

Inches. 



Case . ... 

45 

4-4' 

4080, 

3060 

73 

42 

6-7 

3-4 

Blackstone (track) . 

23-8 

2-5 

3470 

' 2003 ' 

62 

36 

5-6 

3 

Peterbro’ 

29-0 

2-7 

3300 

2475 

59 ' 

34 

5-6 

3 

F.I.A.T. . ' . 

28-3 

2-7 

3000' 

2250 

54 

31 

5 . 

3 

Titan . 

25-7 

3-2 

2760 

2070 

49 

29 

4-5 

2-3 

Cletrac (track) 

24-0 

1-2 

2650 

1988 

47 

28 

4 

2-3 

Wallis (Brit.) . 

24-2 

Hi 

2560 

1920 

46 

27 

4 

2 

Glasgow 

27-0 

1-8 

2450 

1838 

44 

25 

4 

2 

Saunderson . 

23-6 

2-7 

1930 

1448 

35 

20 

3 

2 

Austin (par.) . 

27-4 

1-4 

1820 

1365 

32 

19 

2-3 

1-2 

Inter. Jun. 

23-4 

1-8 

1700 

1275 

. 30 

18 

2-3 

1-2 

Fordson 

20'8 

1-3 

1385 

1039 

25 

14 

2 

i 

1 


The particulars in the above tables may assist the farmer to decide ,wh’at weight 
of tractor to select for use on his land. They all have sufficient horse-power for any 
other purpose than ploughing for which they may he required op the farr.i. If, 
therefore, the whole of the land to be ploughed may' be classed as light, ,one of the 
lighter type which will pull a three-furrow plough may be recommended. But if 
there is much heavy land to plough, a heavier make is required to ensure sufficient 
draw-bar force to work the proper depth With a 2-3 furrow plough. The figures show 
the need for weight or track adhesion when the land is hard. 

r * *• • 

4. tllTCHES AND SlDE DRAUGHT , 

It is contended by those .who have investigated the matter, tnai a uaeoui 
plough, owing to the fact that it‘is drafrn by a (tractor, meets with a considerably 
greater soil resistance than it t would mpet if drawn by animals. The increased 
power rendered neceesary by the use' of the tractor varies; bat it is suggested 
that about 30 per cent, of the draw-bar'>pull should be attributed to the fact of the 
plough being tractor drawn.. Whether^ that, figure, represents the average differ¬ 
ence in practice) it is impossible in the absence of the results of accurate tests to 
say. That side draught is an important factor is clear front mechanical principles; 
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and the extent to which it may increase the draught of a plough is indicated 
bj the following instance from the records of the Shrawardine trials :—“ Through¬ 
out the trials . *. . two tractors hauled two ploughs. ... It was interesting 
to note that although in each case the two ploughs were identical, the rearmost 
plopgh^registered approximately 25 per cent, higher pull than the leading plough. 
From an examination of the hitches it would’appear that this increase for thefaar 
plough is entirely attributable p> the increased side draught.” » 

Side draught may affect either the tractor* or the plough or both. There is no 
side draught when the tractor is pulling from a pdlnt midway,between its two drive- 
wheels along a straight line to the corresponding “ centre ” point of the plough. Such 



o Kio. £S4 .—Show urn I'osiTlos or Tractor a.nii V'l.nrcn 
• for woiDiNii .Side Dracoht. 

• 

tig. 234, in which a'tractor (i(4 inches wide and running with one wheel down the 
furrow is pulling a three-furrow plough cutting a total width of 30 inches. If that 
same tractor be set to run with both whgels on the land and to pull the plough with 
the same width of work^ the tractor must-obviously pull at an angle, and for .that 
reason expend some of Its power in overcoming resistance not due to the weight and 
tohesiaiyff the soil. . , • 

The true line of draught bf a tractor is midway bqj.weei} the two drive-wheels. 
These may be, regarded as a ^tair of horses hitched to an equalising* whippletree. 
When the draught is taken from a point nearer the right-tiand wheel than the left, 
the right-hand whet! hfis fo hear a greater part of dip’draught, in the same way as the 
horse pulling dir the shorter end of the whipple'tree. I^Vit as this wheel receives only 
the feme driving force as the other, it f,enu#*to lag behind-; \yhich has the effect of 
turning the traetdr towards the furrow. Tips tendency has to be resisted by turning 
the steering-wheels landwfirds, which ifervasas the burden*on the engine. A tractor 
much wider than the ploughing*or regularlyVorking but of line withjthe plough must 
obviously consume mo*e fuel ipnd wear its gears, etc., less evenly than’it would if 
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c , 

working in a position straight in front of the plough. The shorter the hitch 
the more the effects of a side position of the tractor are felt. When a long chain is 
used the angle of draught is reduced, and if necessary the tractor can run on the land 
when pulling a plough of narrow cut. But when using short hitch-bars, it is necessary 
to run one'of the tractor wheels in the furrow or to plough a large width. Two- 
antfthree-furrow outfits must run with one of the drive-wheels in the furrow-, unless 
'the tractor be very narrow—which makes steering and turning more difficult. Four- 
furrow and wider gangs are better operated with both driving-wheels running on 
the land. 1 


The position of the true line of resistance of the plough is less obvious and in fact 
less constant than the line of draught of the tractor. When ploughing with a pair of 
horses the plough runs straight when the draught chain is hitched in the clevis at a 



Fid. 235 .—Division- of Side Drauoht between Tractor and Plouch. 


point varying from 1 to 2 inches to the furrow side of the line of the land side of the 
plough. As a rule, the beam is bent to coincide with the line of resistance,. In wider 
ploughing the line is further away from the land side tjian in narrow work, i.e. the 
hitch is moved towards the right. In traotor ploughs the line of resistance of each 
bteast is similarly regarded as passing about two inches to .the right of the land side 
of that breast; and the line fpr the whole gang is that of tne middle breast. In a 
three-furrow plough cutting 30 inches, the line may be considered to lie about lb inches 
from the open furrow, i.e. % inches to the furrow- side of the middle coulter. In a 
two-furrow plough the half-way between the lines for the two breast.: is situated 13 
inches from the edge of the open furrow. 

If the tractive force is applied to the‘gang aloag a line to one'Side of the true line 
of resistance, the plough will qndergo side draught and tend to swing round at the 
rear. This will occasion heavy draught and affect the quality of the work of the 
plough. Such troubles as tearing the furrow- wall, failure to scour, and turning the 
furrows badly are frequently associated'with excessive side draught in the plough. 
As a rule tfcetside draught is towards the land. 

If the effect of side draught on the tractor could besgnored, the plough could nearly 
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i • . • 

always be accommodated by the use of a draw-bar with wide range of adjustment. 
In practice, however, the side draught has to he divided between the tractor and the 
plough. ‘ • • 

The simplest form of bar-hitch is shown in figs. 234 and.235. Where the two lines 
of djjaup'ht and resistance coincide, as in fig. 23*4, the- main bar is attached to the 
middle point of the draw-bar and runs back to the plough parallel with the furrow wWl. 
If after commencing to-plough with this adjustment the front breast cuts less than the * 
intended width, the right-hand bar is shortened by being moved forward a hole, 
or the main bar may be moved a hole to the right (hr the clevis. 

The method of dividing the sid* draught between tractor and plough is shown 



Kto. 230. —Side Driuuht when Tractor ness on the Lame 
.. » • • 
in figs. 235 ahd 23(i ( The hitch-bars are crossed on the line of resistance, and the 
attachment to the draw-bar inmade at a point midway between the lines of resistance 
and draught. TW* figures can represent only the settings for beginning, as the ultimate 
working pointings have to be decided by trial. Three-furrow ploughs that are con¬ 
vertible into two-furrows can&ot so easily be attached behind a tractor of which both 
wheels run on the land : in these ploughs {he third beam does not extend to the hea^ 
of the plough, and the <;le\fis is only the width of the two full-length beams. 

• The devices to facilitate adjustments of the hitch-lairs arej(o) a variable draw-bar, 
in which the point of attsychmcnt to the tractor c.-yi Ire moved laterally by turning 
a handle operating a wojm screw** (b) a similar device in place of a elevis * (c) devices 
for adjusting the two hitch-bars in relation to eagh ot'iier at tile point where they cross. 

The* plough must m»t be fulled by a horizontal ^draught. The bars must slope 
downwards from the tractor to the plough as <ft> the traces and draught chain of a 
team of horses. Owing to the low position dfdhe tractor draw-bar, it is necessary to 
have provision for’low but uajiable height of attachment of tlie hitch-bars to the 
plough- The more nearly horizontal draught of the tractor plough is regarded as one 
of the chief causes of tfie increased resistance of the plough to tractor as compared 
with animal draught. , t 
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r , t 

A tractor plough hitch should always include some form of self-release to avert 
damage on striking an obstruction. '• 


5. Laying' out th|: Land for Tractor Ploughing '* 

• ’ r i, 

.' The headlands for most tractors cannot properly be less than 10 yards wide. 
It is not impossible to turn on narrower headlands ; but the greater convenience of 



Fio. 237.-. Method op Pi.ouohisci with Tractor. 

AB and CD^ridges or leering#, 41 plough-widths apart. KF- open furrow or finish. 

Roman numbers --- zones yr quarter lands of 10 plough-widths. Arrows —direction of ploughing. 


the larger width is morfc advantageous than the concentration of the rolling on a 
smaller area. If a width of 1,0 yards, be marked oft on all four sides of the area 
to be ploughed, the tractor can finish the headlands by ploughing all round (except 
the corners) after the rest' of the rworlo has been done. The marking *of the 
headlands and side lands and the setting of the . ridges can be done to better 
advantage by horse-teahi'than by tractor. 1 • ■ , 

In setting the ridges for tractor wok, if the position of the ridges is not already 
determined'by such considerations as the old furrow^?, a littlp thought and calculating 




























241 


TRACTOR PLOUGHS ANp PLOUGHING 

will be repaid by the result, of avoiding unnecessary empty running. In the first place, 
it.inmost important that the lines of the ridges be parallel; and in the second place, 
it is desirable that the lands be of such width that, when they are divided into four 
quarter lands or “ zones,” each zone will be a complete multiple of the width of the 
• plough. , Thus if the plough be set for 30 inches, the quarter land or zone must Jbe' 
some multiple of 30 inches. If zones of ten plough-widths be decided upon, their 
width will be 300 inches, i.e. 25 feet. The entire land will then be 25x4—10Q feet. 



But to allow for the width of.the open furrow and, as a rule, for the fact that the tractor 
is wider 'than the plougli»‘ an addition of about 4 feet« should’ be made, so that the 
distance between the crowds of t^ie ridges in this cast would be >104 feet, i.e. 34 yards 
2 feet. Lastly, it is neceSsary that the width qf a zonoor quarter land be not less than 
the length in which the ^raqtor can turn round, otherwise time will be lost in getting 
the tractor into posifion for the return jourifey., Tift reasons for the above recom¬ 
mendations will be seen after consideration»of,the methqd*of tractor ploughing. 

» • *, 

• • 

■ » • * • 

• • 

• • 6. Met?iod of .Working . * 

* i * s 

* Owing to the inability of the tractor to turn and return on the same .rqlge, as in 
the cgse of horse ploughing, it is hecessary to work on* two ridges, going up the field 
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on one ridge and returning on the other. An approved method of working, to reduce 
headland running to the minimum as well as allow of making all the lands the s%me 
width', is represented in fig. 237. AB and CD represent the ridges, while EF, midway 
between them, is the open furrow. ( The area between the two ridges is divided into 
the four quarter lands or zonfes, I., III., VI., and II. Each of these zones is tjie width * 
of 10 gangs of 36 inches, i.e. 10 yards. The distance between the ridges is therefore 
* 4 X 10,yards plus about 4 feet-41J yards, the first ridge being 20 yards from the side. 

The tractor sets-in at A and ploughs zones I. and II. in tep rounds, working in 
the direction indicated by the arrows. On completion of the tenth round, zones 
IIL and IV. are done r in ten rounds ; then zontfe V. and VI., likewise in ten rounds, 
following the direction iiidicated by the arrows. After the first six zones have been 
ploughed the work is very simple; zones 1 and , 2 are ploughed by 10 rounds with 
left turq at the headlands; zones 3 and I by 1(5 ri'ght-turn bouts; and so on to the 
other side of the field. Fig. 238 shows by means of dotted lines the zones taken in 
pairs and the direction of travel and turning for a series of lands. When ne.yt plough¬ 
ing'the same piece of land and setting the ridges where the open furrows are shown in 
the figure, the simplest procedure is to leave till the end the two zone widths represented 
by IV. and I. in the figures and follow the plan already explained. An attempt to 
incorporate the working of .the two extra zones in the ordinary plan will disorganise 
it and occasion much additional running on the headlands. 

If the ridges are well arranged and the above plan of working is followed, it is not 
very important whether the lands be wide or narrowi In a field 220 yards long, 
the actual length of headland running when using a 36-inch gang jdbugh is -27, '36, 
and -47 mile per acre for lands of 20, 32, and 48 yards width respectively. With a 
24-inch plough the distance would be increased by half. A longer or shorter field 
w&uld reduce or increase the figures proportionately. Typically the .saving by the 
adoption of 20 as compared with 48 yards in the width of the lands is a run of -2 mile 
per acre, and a possible saving of 5 minutes’ time and -2 to -4 pint of JFuel. Fewdractors 
are, however, able to work lands so narrow as 20 yards. Most of the .lighter type 
require lands about 30-35 yards, while the heavier cla^s may need 45- 50 yards. In 
any case, the zones or quarter lands must not be less than the diameter of the tractor’s 
'minimum turning circle; and it is not' desirable to attempt the minimum possible 
in this respect. 



CHAPTER Xl^ 

BARN MACHINERY 

TRANSMISSION &F tfOWER 

• *» . * * 

ENISINE, MAWnUE, AND BELT SPEEDS 

* • , * 

The usual source of power for bam machinery is the small oil- or petrol-engine. Each 
make of engine has its proper speed : this may be as low as 300 revs, per minute or 
as high as 700 ; and the speed of any particular pattern cannot be varied (only within 
narrow limits) without affecting the power »r the efficiency of the engine. Each 
engine has, moreover, its standard size of pulley -the/ize which its makers have 
found to be the best for that particular type, etc., of engine. There is, however, no 
general agreement amongst makers as to the, “ circumferential speed ” of farm- 
engine pulleys, the .variation ranging from 700 to 1400 ft. per minute ; and. as the 
speed of the erfgine belt is (apart from slippage) the same as that of the rim of the 
pulley, there is a’ similar variation in belt speed with different engines. 

Each of the several kinds and makes of barn machine has also its proper number 
of revolution^ per minute and its standard size of p'ulley. To obtain the best resfllts 
the makers’ recommendations in these matters must be observed. Each machine 
is, thesefore, adapted for a 'particular belt speeij. The following table indicates 
typical practice :— , 


•- 

• 

• 

ib 

• 

• 

e, 

• 

• 

Revs, per 
Minute. 

0 

•• 

Diameter of 
Pulley. • 

• 

• 

Belt Speed. 
Feet per 
Minute. 

, o * 

• 

B.H.P. re¬ 
quired ty • 
Machine of 
medium 
capacity. 

* 

O' 

Thrasher 


lqpo 

d 

fnehes. 

* .7*.’ 

• 

2029 

(12) 

Grist-mill 


•500 


1309 

4 

Oat-crusher . 

• • 

250 * 

% \2 

7^6 

3 

Chaff-cutter . 

• 

9 . 200 

‘ . 16 * 

858 

4 

Cake-breaker . 

• 

160 , 

; • 18 • 

• 754 

2 

Root-cutter . 


1 100 

% 26 

681 . 

..4 • 

• 

-»-_- 

0 

• 

• 








244 FARM IMPLEMENTS AN,D MACHINERY 

Pulleys.— It would be merely a coincidence if an engine were found to be adapted 
for driving a particular machine direct. On small farms a little petrol-engine n\ay 
frequently be seen driving a pulper at about 300 r.p.m.—three times too fast; and 
larger farmers have been known to,think they found an oil-engine or a tractor un¬ 
suitable for driving barn machines or a thrasher—or the thrasher itself unsatisfactory 
—when the trouble lay in not arranging for the proper speeds by changing one or 
both of the pulleys concerned. « 



r 


Fia. 239. —Bars Machinery i>riven#by Portable Enoine. f Itmsom.es.\ 

The calculation of the sizes of the pulleys is a simple matter if the following rule 
be observed:— # ‘ 

( piamftter <fl driving pulley x its rey.i. per min. 

= „ driten „ x „ „ ,/ 

Thus a 10-inch pulley making 6Q0 rbvs. per nin.=a 15-inch'pulley at 400 r.p.m. 
As a rule belt slip may be igr.qred in the,calculation ; but under circumstances where 
more than the ordinary amount of slippage may be expected, this may be allowed 
for by making the driver about 10 per 'cent, greater, or the driven pulley 10 per 
cent, less, than the above calculation *wjould«indicatp. . * 

• Pulley? are'commonly made,of castiron, curved arms being less liable to fracture 
in casting than the straight. .Wood pulleys are light and ate strong enough for most 
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barn work, excepting thrashing. Split pulleys-»the two halves of which bolt 
together round the shaft—are convenient to fix and remove, but necessarily more 
expensive than tfie solid. * * 

Pulley# are kept in place on the shaft either by a set screw or by a single key 
and keyway, or, in the case of large pulleys, by two keys, etc., at right aiigles to eaeh 
other. It is important that they be fixed square on the shaft and in proper line Vith 
the pulley taking the' same belt. The pulley face shoifld bp k inch wider than the* 
belt, 'and of double width when the opposite is»a fast and loose pulley. In the latter 



Fio. 240.—PowKif Transmission Appliances. | Henhill. | 

* 


case tin; pulley face must be flat, otherwise a very slight convexity is desirable, #s • 
it hejps to keep the belt in its place. 

Th»ro are limitations to the adaptation of engine and machine for direct drive 
by the fitting of pulle/s*of the sizes calculated tg givtj the ( correct machine speed. 
If one pulley is five ot; six times the diameter of the other, the belt wtll slip unless 
the two are separated by a good distance or the drive ffs crossed. Small pulleys 
require broad, thin belts ;* while very large*pulleys.arc apt to be unshapely and out 
of balance, and they may be too heavy for the machine to which they are fitted 
—upsetting its stability and wearing its bearings. 'The matter is further compli¬ 
cated where more* than one driven machine,is concerned ; and if it is desired to run 
two niachiiies at the same* time, a countershaft is almost>indispensable. 

Shafting. —The barn shaft not only simplifies the problem of adapting engine 
and machine to each other without changing their pulleys, but it also allows of the 
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engine and driven machines being disposed for convenience of working, having regard 
to the size and shape of the space available. As a rule the engine, pulper, and grigt- 
mill afe placed on the grouftd floor and the chaff-cutter and cake-mill in the 
loft above. * ' <■ 

• The shaft is generally fixed higfi enough to be out of the way—under tjje floor < 
of the loft—and should, if possible, be far enough from the engine to give a distance 
'of at least 12 feet between the two pulleys. For ordinary farm'purposes a steel shaft 
of If inch diameter is strong enough, and this should be supported by a bearing 
about every 9 feet. The method of supporting the shaft varies according to circum¬ 
stances—J hangers from the floor above, wall brackets, or wall boxes built into walls 
through vfhich the shaft flr its ends m^ pass. The shaft must be fixed horizontal- 
level, and secured against side slip by_ means of collars on each side of one of the 
supports., The bearings must be in a strafghi lirte with each other. 

A convenient speed for a barff shaft is about 200 reVs. per minute, which allows 
of the use of pulleys of moderate sizes to drive each of the several machines. To 
givethis speed to the shaft, its main pulley- that which takes the belt froffi the engine 
—must be of a size calculated with reference to the diameter and speed of the engine 
pulley. The need for such calculation may be seen from the following instances of 
the size of shaft pulley required to give a shaft speed of 200 r.p.m.:— 


Make of Engine. 

H.P. 

Diameter (rf 
Kngine Pulley. 

» 

Normal UevtL 
per min. 9 

Diameter of 
required 
Nliaft Pulley. 

c • 

• 

IneliTs. 


c fnehes. 

Bamford 

2] 

6 

475 

13| 

Blackstone 

.2-1 

10* * 

320 

Ih 

Bentall .... 

4 

«, • 

500 

. 20 

Petter .... 

5 

7 

600 * 

21 

Hornsby 

5 

10 

430 

21 i 

Ogle .... 

0. 

12 

, 420 

25] 

Crossley .... 

, 31 

9 

. ‘600 

27 - 

Ransome . . ' . 

, 2? 

9 

■ 600 

27 

1 

o 

• 

1 

< ‘ 



Tractors, although flexible in tjie matter of speed, are not veil adapted for driving 
bam machinery. Apart froip this question of fuei consumption at lo\y horse-powers, 
their normal belt speed is in'hearly every dj.se too high for the direct drive of .farm 
machines other than thrashers,; and for ^riving through a barn jjhaft they usually 
require a shaft pulley of extra large size.* 
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CRUSHING- ANI) GRINDING-MILLS 

The main object of milling corn for live stock is to*ensure better digestion; other 
objects being to f&cilitate mixing with and flavouring coarser fodder, and to encourage 
, the fattening animal to eat more. On the poiht of increasing the digestibility of 
corn, it is well known that whole oats, for instance, may sometimes survive the diges¬ 
tive process and afterwards grow. On the other hand,-digestibility experiments do* 
not pfove any very great advantage from crushing or grinding for any class'of live 
stock, the advantage appearing to be only about 5 ft) 8 per cent There are, however, 
special cases where the advantage is doubtless greater—hard-worked horses, horses 
which bolt their food, animals with worn tenth, and young ahimals with incomplete 
dentition. It is doubtful economy to 
crush or even to grind by hand-power , 

* , 

• Crushers 

j - • 

Vevy commonly the roller or 
crusher is combined in the same 
frame as a grinding-mill, but it may 
be obtained separately. It is used 
chiefly to crush oats and to crack 
maize for horses and slietji, and to 
crush linseed, •which does not grind 
well. The objectf of rolling is to flatten- 
out the grain, to burst the seed coats 
and thereby facilitate—it is supposed 
—the access of the digestive juices. 

It migjit also be supposed < that the 
act of severe compression consolidated ^ 241 1 ( , oliN , ( . KIISIlEK wmt Ro „ EKS m , 
the floury parts and thereby hindered Dipperem Divmeters. [Heniall .| 

the entry of the juices. At any f 

rate the advantage showy in digestibility trials is less than 5 per cent. < , 

Ciushers consist essentially of a pair of smooth or fluted metal rollers revolving 
toward* each other. One roller (that to the spindle* of which the pulley or hand- 
turned fly-wheel is attached) turns in fixed beajings, # whil t e the *ther .is fixed in 
bearings that allow it to moVe closer or farther from the fimt. Chis enables 
the n,pll to be adjusted for making different samples, amf, owing to the insertion 
of safety springs, iiarfl foreign substance* are allowed to pass without damage 
to the rollers. , 

The rollers m»y be of the same diam&ter, buf more commonly and prefer¬ 
ably in the sepatate machine, the main.roller is*of a much greater diameter 
than -the ftther, and.alsb serves* as # a fly-wheelin‘this case the width of 
the roller face is only 4-8 iiiches. Fluted rollers’are required for cracking or 
kibblirfg maize. 
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The following particulars refer to three makes of crushers 


< 

No. of Mill.’ 

B.H.P. 

required. 

( 

-Bushels of 
Oats crushAl 
per hour. 

t. 

Size of 
Rollers. 

Rev. per 
Minute. 

e 



■ 

Inches. 


R. S. L. . 

n , 

18-23 j 

18 and 
.12 xl 

| . 200 

3 and D.B.B. 

, 3 

16-36 | 

“21 and 

12'/4,i 

l 250 


Diam. of 
, • Pulley re- 

° f quired oil 
Pulle y- Bam Shaft 
. of 200 r.p.m. 

Inches. Inches. 


In operating crushers it is necessary to shut off the feed before stopping, and to 
start the mill before opening the feed shutters : this will prevent the accumulation 
of grain between the rollers. The rollers themselves should be kept clean and free 
from grease, and should not be set closer than is necessary just to burst the seed 
coats. The bearings should'be properly lubricated. 

GRIST-MILLS 

Several methods of grinding have been tried, but {lie standard for farmers mills 



1'ios. 242 asp 243.— Sections through Stone Disc Corn-Mill. [IUackntonr.\ 

,, , . . T> sLnnt,. c" feed Kn|,ut: i). Fixed Stone ; E, Runnor Stone ; F, Delivery 

Refe ^t : ; G, AdjuBtog Screw ; b. Riddle ; 6’, Shelter Cam ; c, Brashes for cletning and ventilating 
Case and lifting Meal. . # 1 , 

in this country is the high-speed, miaik'vertical discL Two more or less flat discs 
with ribbed or grooved surfaces are arranged vertically on a sp-ndle ; one, the bed, 






BARN MACHINERY 


249 



Fiu. 244 .—Interior of Emery Disc Mim„ [ llrntall .\ 


“ fixed ” or “ dead ” plate or stone, remains stationary ; while the “ runner ” or 

“ live ” disc revolves with the spindle. 
By means of .a worm thread*on the 
spindle the grain is forced in between 
the discs at the centre, where they are 
not so close together ; and it is wtfrked 
outwards. The grooves are shallower* 
sind the rubbing surfaces are closer 
towards the oujsides of the discs ; and 
the ground material leaves the. rims as 
more or lessdiite meal according to how 
closply together the rubbing surfaces 
are set. The setting is effected simply 
by turning a wheel (at the end of the 
mill) which operaterfa set screw, beam¬ 
ing on the end of the spindle. 

Between tin; hopper and the corn 
• spout are simple contrivances for 
regulating the rate of feeding, for 
ensuring uniformity of feed, and 
for sifting out straw, etc. The corn 
may go through more rabidly when the plates are set for coarse than for fine 
grinding, and wheat, mav be fed through 
at nearly twice* the rate for barley -or 
maize : oats and beans are faster than 
barley, but considerably slower’ than 
wheat. Mills will, not, however, grind 
damp porn of any kind. Unifofmity of 
feeding "is essential to good work. 

The sieve udoes not taky out every¬ 
thing that cannot be made into meal ^ 
hence it is desirable that the plates 
should have release springs which enable 
them tf> separate and allow hard foreign 
bodies to be worked ou*t,«vilh»mt causing 
serious damage. The *ise of uMgnets to 
extract nails and the like before they pass 
down the feed pipeMiaS been* suggested. 

In operating a mill it is necessary tg 
avoid choking it. jl'he feed shutter should 
not be opened until the plate* are running 
at their prdper speed, and the feed should 
be shut off before the mill is shopped. Fiilo grinding is not advantageous for farm 
purposes ; and, as it consumes *nueh power, wears the discs and reduces the output, 



Interior or Mill with Flat Metal 
„ t •Elates. [ Bnmford .] 

Be* plate, worm feed, and spindle in position j 
runner plate remowed. In centre of hinged 
* cover is end of .regulating and release screw. 
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'it should not be practised: what is commonly termed “ kibbling ” is more to be 
recommended. Finer grinding does not appreciably increase the digestibility of the 
food ; but, on the contrary, it may result in the production of floury meal, which 
blows about, or gets into J.he animals’ respiratory passages if fed' dry, or forms a 
heavy mass if fed moist. 


Kinds of Mill 


The differences between one make of mill and another lie chiefly in (l) whether 
the discs are of stone or of metal; (2) if of metal, 0 whether these “ plates ” are nearly 

flat or of some conoidal shape ; (3) 
whether there is any device for 
cracking the corn before it passes 
tf) ,the grinding plates proper. 

Slone discs produce the finest 
and softest samples of meal, grind¬ 
ing the bran or husk as well as • 
the kernel; but according to the 
R.A.S.E. trials at Plymouth in 
1890, they are slower and consume 
more power per cwt. of meal than 
metal plates. Artificial or “ com¬ 
position ” stones are now used, 
wearing more uniformly than natural 
xt'ones, and being made to facili¬ 
tate “the, necessary redressing of • 
the grooves. 

Plato .* of chilled metal are cjieaper 
than stones, require no dressing, 
Vio . 246,-Isterior.of Mux with Co.noii.al Plate, an( f when worn can , b ' e reverew l 
and Kibbling Cones. [ Harrison , McGregor .] t 

and interchanged. They produce a 

tsappk that is fine enough for ordinary <stoek-feeding purposes. A mill with flat 
plates won the Plymouth competition, and the advocates H)f this shape contend 
that flat plates produce coohfr meal, wear longer, and require less powor than 
conical plat.es. fThe conical plates are, however, easier »to adjust, and, besides 
giving a greater grinding surface for the same diafrteter, tli#y lend*themselves to 
construction with separate cracking. cones. The cracking cones join the inner 
narrower ends of the plates, aritj are made with coarse* rfbs Vhreh crack the grain 
before it reaches the grinding-plates proper. A mill may be so constructed that it 
can “ kibble ” com without grinding mi&h of it into flour. , 

The following table indicates standard British practice in the construction of 
grist-mills and gives the proper sizes of pulley to fix on a shaft making 200 revolutions 
per minute:— * 
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' 


• 1 








Rated Bushels per 






• 

Diam. 

Hour. , 

H.P. 

Mill 

Revs, i 

Reqd. 

Type-, 

• Make. 

of 



, reqd. 

Pulley. 

per 

Minute. 

Shaft 


Plates. 

.1 


Pulley. 

* . 



Grinding. 

Kibbling. 




• 

• 

• 

Ins. 



• 

[ns. 

• 

Ins. 

Stone discs . | 

Black-stone, A.M. 

14 

5-12* 

» 18 

4-5 

12 

000 

36 

Bentall, C.P. 12 

10! 

300 lbs.! 

1500 lbs. 

3J fi 

12 

5(H) 

30 

Flat metal ( 

Corbett, XLO. 

hi 

. 

30 

** 

10 

5Q0 

25 

221 

plates . . | 

Bamford, 2 F. 

10! 

8-141 

!. 35 

31 4i 

10 

450 

Conical metal ( 

Harrison, 1 

McGregor,2 X.J 

‘ioj» 

*8 4*1 

i 

35 

3! U 

lft 

500 

• 

25 

27. 

plates . . j 

• 

o 

Nicholson, 14 . 

’10J 

9-10 

• 

25 30 

3! 


(300 

] 


The above capacities and power requirements are only approximations, ns they 
depend on the kind of grain to be ground and the fineness of grinding ; the table is 
not intended as representing 
comparative merits of different 
makes of mill. 1 

The grist-mill is commonly 
fixed on the grotind floor, the 
hopper communicating with 
the granary above. It may 
be convenient to pkice it on a 
masonsy platform, to raise '.t 
nearer the upper floor and to 
lift the delivery mouth to the 
height of a large sack. For 
feeding from the ground.floor 
a special sack hopper may be 
fitted, fcnd the receiving sack 
of a low-spouted mill may lead 
on a bagging beard. The mill 
itself .should be securely fixed 
to the floor and dilhd level or 
just slightly Waning towards 
the end where th* plates are. 

The spindle shduld, unites 

fitted* with’ in-and-out. chltch, c • , y , ... , 

have both fast and loose pulleys and a •belt shifter, so that the. mill can be 
operated without stopping tb*i engine or interrupting the work of any other 



247.—Guise Mill’witji Meal Sifter. 
• {Harrison, JlcOregor.] 




252 


FARM IMPLEMENTS AND MACHINERY 

: . * 1 
machine that may be running t at the time. The shaft pulley must in this case 
be of double width. 1 

- ' • Flour Sifters 

• t & 

In recent years interest ha,s beerf taken in the attachment of meal sifters to fp.rm 
mills. Several makers offer these, which separate the meal into three grades.' Given 
.clean wheat, the farmer posswising an ordinary grist-mill with a flour sifter can extract 
his owrf “ standard ” bread-flour, if huso desires. The sifter can be turned out'of the 



Km. 248.— Combined Uui.usn- and (IkiniCmi-Miu,. 
| Hmuju'd, ] 




* t » 

way when not required. If the wheat is not very dean, the ]fioeess of close grinding 
will rapidly wear the mill plates'! - r 


« 


Combined Mills . ’ ‘ 

*’ t* 

These consist of a grist-mill ai\iV a.pair,of crushing rolled oil'the same frame. The 
rollers may be of different diameters, the larger being on the same spindle as the grist 
plates and driving pulley : in this case the smaller roller is driven joy friction against 
the larger. Or they miay be ef equal and relatively, email diameters—smooth or 
fluted at wide intervals —had geared together at. equal speeds : the speed is ip this 
case the same as that of the grict plates ‘ The hoppCr is divided so that if sufficient 
power is available, crushing and grinding may proceed simultaneously. 
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’ cake-breaker’s 


If a farmer does not possess a cake-breaker, he.is 8bliged.to confine his selection 
of concentrates to meals and nutted cakes, neither of which are so convenient to 


stofe. .Moreover, the single-seed cakes, 
which are the more economical, are not 
generally obtainable in the, nutted 
form. 

Cake-breakers are made with one 
pair of spiked* metal rollers for llftnd 
turning and with two pairs for power, 
the lower pair being finer-toothed and 
closer set than the upper pair. * » 

The front roller or the* front, member 
of each .pair can be set closer to or 
farther from its fellow to give different 
'grades of broken cake. The broken 
cake falls over a grating through which 
the finer parts and the meal fall. 

The power requirement and output 
depend not only on the size and speed 
of the mill, but also on fflm kind of 
cake : such cakes as extracted soya or 
hard cotton are harder to break, thaif 



Km. 24!). -Cuin-BmUKEK. \Renlnll.\ 


a soft cake like 10 per cent, linseed. 

The following particulars refer to breakers with fwo pairs of rollers (if the null 
fly-wheel a Mi-inch pulley suffices) 


Make and Mark. 


- 5 ,- 

* • * 

Bentall, OCY. * • 

„ OCT. . . . 

Ilarrison-M'Gregor, 0 CM, 
Nicholson, 7 N. •. * 

„ 7 m. . 


* ' 

• 

I Width of 

i 

Capacity. 
Cwts. per 

•Hour. 

• 

B.H.P. 

Speed, 

Shaft Pulley 
to drive Mill 

Mouth. 

* reqd. 

R.P.M. 

with 18'-Pulley. 

• • 

Inches. 


• 

i« 

Inches. 

<. 15 . 

*18 

20-26 

45 

.ilf 

2 ~3j 

o 

1 i 

• 

• 

CO 


30-35 

*li-2 • 

160 

8 

* 16 

2CV-40 . 


100 

7 

18’ 

24-50' 

4. 

(100) 

7 


< . 





0 
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• • * 

Functions— The chatting of fodder does not appreciably 'increase its digestibility. 
On the contrary, if the fodder is cut so finely as to allow the animal to shallow it 
without proper mastication, or in the case of ruminants to allow the chaff to pass 
into the third and fourtlystomaehs without having been ruminated, the digestibility 
is likely to be decreased. Proper mastication is essential to ensure that tiie food 
is thoroughly mixed with Shl;va, which has digestive functions. Fine chaff- especially 
that of coarse fibrous fodder—is also liable to produce colic in horses and impaction 
of the third stomach in cattle. 

(’hatting may serve a useful purpose and ensure thl better mastication of con¬ 
centrated foods when it is done with a view to mixing the latter'with the chaff. 
Horses cannot bolt their corn so easily whet) it i? bruised and mixed with chaffed 
fodder ; ruminants probably remasticate a greater proportion of the meal they receive 
whbn it is fed in mixture with chaff ; and certain ii/eals, such as thirds, w ( hich when fed 
separately are apt to form a close heavy mass, are probably better digested when 
lightened by means of chatted fodder. It is well kno\Vn that a. fattening beast can 
be induced to consume more fodder if this is ehaffedpnid flavoured ; and iy many cases 
the main object of chatting is to induce cattle to use up ii\ this way slTaiv and poor hay 
that they would either refuse 01 only pick over. On farms where litter is scarce, 

' straw may with advantage be roughly chatted to increase ifs bedding and absorptive, 
properties ; at the same time, chaffing shortens the manure and facilitates the spread¬ 
ing, when the manure is applied fresh. , * 

In some districts most <jf the chaff-cutting is done by* the 5-knife machine that 
accompanied the travelling thrashing mill. Farmers like twn or three visits, so that 
the chaff may be fed to the stock fairly fresh. To preserve the chaff, however, it 
may be trodden very tightly* within the four wall? of a building and, in some cases, 
a little green material when'iavailablc is, chaffed and trampled in wifli the straw to 
flavour it. In other districts, tjic itinerant chaff-cutter is unknown. 

The simplest forth of phaff-cutter is the home-made'affair putt of an old scythe 
blade is fitted with a handle, and the ottfer end is hinged to th,e leg of a simple frame¬ 
work. With, the left hand the operator*pushes the fodder forwards along the feeding- 1 
box, using a short board with ,a handle ; while with his right hand he operates the 

•254 
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Fig. 251 -Chakf-CuttHu with 5 ConcaVk Knives, Cover • • • 
• REMISED. [Richmond d' Chandler.] 
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blade to chop off the ends of the'fodder as they project over the lip of the box. This 
contrivance is useful for cutting straw into 3-inch or 4-inch lengths^for litter. 

Knives. —Chaff-cutting machines all have the same device for feeding the fodder 
into the cutting mechanism, viz. a pair of spiked rollers driven to rotate in mangle- 
rollers fashion. The cutting 'mechanism is variable ; it may embody the principle 
of tie spiral knife as seen in the lawn mower, or that of the reciprocating sectional 
‘blade and finger as in the reaper. All chaff-cutters made in this country, however, 
have plain blades fixed to the arips df a fly-wheel which rotates across the mouth- 

§ piece. Hand machines have two blades, power 

machines 2 tb 5 blades, accordiiig to capacity 
and,4hortness of cut required. The convex edge- 
*■ linejs the common shape, but for the largest and 
fastest machines' the concave or radial shapes 
" are adopted; the latter cut from the outside of 
the mouthpiece inwards, therefore the cut chaff 
'immediately falls away from the knife and fly 1 

•There are not many adjustments to make in 
operating a chaff-cutting machine, and the 
necessity of keeping a good edge on the knives 
needs only to be mentioned. The setting of the 
knives, however, palls for explanation. Owing 
to the fact that the feed is continuous (inter¬ 
mittent feed ,h«s not found favour) the knife 
• cannot be set to chop with its face flat against 
the mouthpied'e. The back of the ‘knife is, 
„ „„ ,, ,, ... therefore, bolted to the arm t>f the fly-wheel at 

driven Feed-Rodders. [Richmond a distance of about half an incji in front «of the 
<6 Chandler .} mouthpiece, aryl the knife leans towards the 

latter. By means of set screws this inclination of tin knife can bfc adjusted to 
allow for wear. The edge of the knife should be set just to bear against the 
' mouthpiece along its entire length. When the blade has become narrowed by 
repeated sharpenings and the rpouthpiece has become worn, the difficulty of setting 
the edge to bear well on'the lips-increases and the knife fails t/> cut clean—lon| stems 
are left on the under lip: A«dw blade is, of course, necessity to remedy the trouble 
when due to Wg wear. f r . * ** 

The mouthpiece should be made o* hard chilled metaj to resist wear; recently 
some attention has been given to tie possibility of making the lips renewable; and the 
underlip should have a definite .sharp edge. *■ 


•I *■ 

Types, .Improvements, and‘Attachments 

• " i r- «* 

, 1. WOR}f Feed.—T he simplest hand‘machines drive the feed-rollers by means of a 
worm pn the shaft to which the fly-wheel is keyed.' A worm with a wide pitch of 
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.thread drives the rollers faster than one with a small pitch ; hence by the use of 
worms with different threads tffe length of cut’may be varied. Frequently the worm¬ 
bearing shaft is reversible to serve this purpose. The next modification is a> rising 

mouthpiece, i.e. the, upper 
feed-roller and its cover, which 
is also the upper lip of 't(ie 
mouthpiece, rise and fall with , 
varying thickness of fedd, this 
action being controlled either 
by springs or by lever and 
weight? 

The method of varying the 
length of cut’may be modified 
so that the change* can be 
effected merely by the move 1 
ment of a lever. For -this 
purpose it is necessary to have 
a countershaft bearing pinions 
Fiu. 253.—l’Kisriei.Es of Reversing (!eu< vni> Mechanism 0 f different sizes with which 
FOR varying LENGTH ok Cut in Chaff-IYttkr. ^responding pinions on the 

main (worm) shaft can be made to mesh : a clutch is part of the mechanism. 

* 2. Reversing and Change Speed-Gear.—I n order that the direction of rotation 
of the feed-rollers may be reversed while the fly-wheel continues to move in its proper 
direction, reversing gear is neces¬ 
sary ; and this entails departure from 
the worm feed. In all revetsible 
machines therefore, and in the larger 
patterns of the non-reversihle, She 
feed - rollers are* driven by pmions 
on shafts pfiwed at right logics to 
the box. 

(a) The reversing gear i s a simple 
device; the fly-wheel* shaft bears 
two be*el pinions both fcee to rotate 
round the shaft until kicked in a 
clutch that rebates with the Shaft, 

By means of a lever this clutch is 
made to slide on die thalt so that • ->*■ Top W f.bs (" Automatic Seek- 

when engaged with the pinion , feeder"). | Btjmford.] 

nfi&rSst the. fly wheel the gearing 

moves in the forward direction; when engaged with the rear pinion the gearing 
reveries; hnd when m neutral position oply the fly-wheel is in motion. The 
reversing clutch may be connected with a safety device. , , , , 

(b) ’ The change speed-gear follows the principle already mentioned in connection 

* 17 
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with the improved worm-feed jnachine. In figure 253 the machine is represented 

as set to cut long—1J inch—chaff 
for cattle. ' 

By sliding the tripla pinion to 
the right, f-ineh or medium chaff 
as commonly fed to horses can be 
cut t ; moving it to 'the left would 
set the length for J-inch oi f short 
chaff, such as is used for sheep. 
t . 3. Feeding \V«b. — Power 
machines are usually fitted with 
a bottom feeding “ web,” which, 
• travelling along the bottom of 
' the box, •carries the feed forward 
to the spiked feed-rollers. Being 
driven from the bottom feed-rollor, 
its speed and direction change 
and reverse with the latter; it 
is also adjustable in length. A 
short top web fixed with a down¬ 
ward inclination or a pair of rollers 
which rise and fall with the thickness of the feed ma/,ce the machine self-feeding. 



Fin, 259 .--<.'haff-Cuttf.ii v. itiiiIIkt.t Shifted. Sifkty 

ROLLERS, ltEt KKSINIl H \ MILK, ASH FuEDl.NO 

Table. I Brnfall. I 



Flo. 25(i.—C«\ ff*Cctteh WITH S#ftek and Dust Kxtkactok. [flamfordx.] 

I • . I , < 

« . 1 

The top web may be driven from thy <spindlc' of the top feed-roller, of it may be 
self-acting. With both bottom and foji weirs the‘machine if reasonably fed can 
straighten but the feed for itself, making the work of,feedingJboth lighter and Safer. 
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• 4. Safety Devices. —To comply with the Chaff-Cutting Machines (Accidents) 

Aijt, 1897, power-driven choppers must have'the fly-wheel suitably enclosed and be 
fitted with a device for preventing the hand of the.feAler being drawn between the 
rollers.' As a further safeguard against • 

accidents, all gearing should be properly 
enclosed. , 

As a rule, duly the upper lyilf of the 
fiy-wh*eel is enclosed. If, therefore, the 
chaff does not drop through the floor or 
drop on to an* elevator, but lias to be 
raked away from the fly-wheel, it is very 
desirable that the machine be fitted with 
fast and loose pulleys ; so that the fly¬ 
wheel can be stopped white being cleared. 

The fast jind loose pulley should befitted, 

itf any cast. Km. 2.>7.— I'hujMVttkk with Bwiiusii . 

* In the R.A.S.h. trials of safety do- Ki.nv*ron. [Brnto/I.| 

vices at Plymouth in 1898, the first • 

prize was awarded to Messrs Richmond & Chandler’s appliance, consisting of 
four idler rollers, the rear roller being 25 inches from the feed-rollers : the judges 
considered it better to prevent the hand reaching and being trapped by the latter 
thStri- to release it -by tlieit reversing when it was trapped. The. eross-bar con¬ 
nected with tlft- reversing gear is, howAvcr, the more commonly adopted device, 




1*1(1. ViS." Ensii.wo: (’iTTTKii«ASi> # *Br 5 jwKB.- 1 lknlall.\ 

airfl iS in some eaiyis combined with a pa it' 4f safety rollers. # M hen the machine 
is fitted witli automatic fet'd webs, the .feeder lifts no* oef'asion to place his 
hands* in ally dangerous [tositIon, having only to lift, the hay into the box with 

• a fork. * . * . * • • * • 

5. Dust Extractors, Sifters, Elevators, and Uaggers. These are not very 
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commonly used on farms, but ar« considered necessary Jn town stables. The extraction- 
of dust from chaff is commendable, hoVever, especially for horse feeding, dust bqjng 
liable to cause wind trgubles find .intestinal dust-balls ; and where much chaff-cutting 
is done* the use of an extractor is a great relief to the operator. Tie extractor works 
on the principle of the vacuum cleaner, the dust being conducted, howevej, t» the 
outside of the building. Sifters are made in various forms, the chaff of proper length 
* falling through the sieye meshes, while the longer cavings are carried forward and 
automatically re-fed into the feeding-box. Elevators and baggers may be"fitted, 
or the chaff may be blown as in silo filling. Short chaff is easier to handle in this 
way than long chaff, and damp fodder must bt* cut short. • 

6. Capacity, Power* Requirements, and Pulleys.- -The output of a chopper 
' depends on the width of its mouthpiece, the number of revolutions per minute, the 
length of cut, and the rate of feeding. With'a'hand machine having an 8f-inc.h 
mouthpiece, turning at 40 revolutions per’ rtumite, 2 cwts. per hour is good work, 
the same size ot machine driven at 200.revolutions per minute would deliver 10 
cwtS. per hour; while a machine* with 12-inch mouthpiece, running at" 200 revolu¬ 


tions per minute, would deliver moi;e than 13| 


(12 x 10 cwts.) 
cwts.-—-as 

8f 


it takes a 


thicker feed: a 12-inch ‘mouthpiece is commonly rated to cut about 18 cwts. of 
J-inch chaff per hour. The makers’ figures must not, however, be taken too literally, 
nor should comparisons be based on them. 

The power requirement is about 1 b.h.p. per 5 cw/s.'of chaff'per hour. 

The following table indicates typical British practice and gives'the proper size 
of pulley to fix on a shaft revolving at 200 r.'p.m. 


1 

i 

Width 

• 

• 

Rated. 

i 

Rated j 
p.H.P. 
required.' 

% 

i_ _: 

• 

Diam. 

of * 
Pulley. 

• 

r 

Kcvs. 
per . 
ijjn. 

• 

Size of 

Make and Number. 

of ,j 

Mouth- | 
piece. : 

_« 

Xo. of 
Knives. 

capacity! 

( \vts. 
|K*r houi®' 

• Shaft 
Pulley 
required. 

t , 

Indies. 

• 

» 

• i 

1 

Inches. 

: 

Inches. 


'•I 

2 

10 

2 . 

• 14 

200 

.14 

Bamford, B. G . 

1-2 

3 

’ 18 

4 *J 

! 16 

225 

r 18 ‘ 


.4 •! 

3 

47 

A 

OC 

• 

* 18 

250 

22 

Bentall, C.StE. •. 

10 

2 

9 

!*• -)i 
? 

. 15 

. 150 

11 

„ C.S.K. . .•! 

12 * 

.3 

20 

18 

200 

..18 

Richmond & Chandler, 66 

•uf.-j 

. 3 , 

• 

35 

r i 

5 * 

* 18 

200 

18 

Richmond & Chandler ) 
“Hercules” . . J 

' I5 ? I 

5 . 

\ 

«. 60 

8 

* 

00 

<M 

’ 250 

.35, 

Innes Portable . • .> 

15 , 

5. • 

30-50 

‘ ff« 6 

. . . « 

270 

,, 

• 

1 


t 

« 

• 

”»- 5 - 

« 

• 

•> 
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HOOT-GLEANERS AND CUTTERS 

Cleaners. —Riot-cleaners arc commendable appliances. ,Roots are rarefy suffi¬ 
ciently-fret from soil to be cut and fed to stock without cleaning, and, in the absence 
> of a»mechanical cleaner, they are often thrown iifto thwcutter without this desirable 
preparation. Not only isj the dirt injurious to the stock, but the grit wears the curtipg 
edges of the machine, and small jtones are often carried wlvcli c^o more obvious damage.» 




The rotary screen is,the standard fortn of dry cleaner it will not clean, wet" 
root®: it measures ahdu^ 5 feet in length and 2 feet in diameter, rotates at about 
30 revolutions per minute, and, by means of a set \vlieel, can be given more or less 
slope, towards the hoppit according to the cleaning y<juir#d by*the foots. It is 
driven by a pi'aion oust lie spindle of the cutter a yd absorbs froift I tfl £ b.h.p. A 
division board should be fixed to keep the dirt from falling* mong the cut roots. 

A cleaner can ifc tiTt.ecT to cuttjng-macWnes.iidV originally constructed with one : 
ill this case thff cleaner must deliver interfile top of thw hopper. 

*CTjtters.- -Recognising that cattle and slfeep may not in ajl cases be able to deal 
with whole roots ‘especially *hard ,swedes,‘ajid that lbot sjfces'are not immune from 
the, t*ouble of causing eliding- it is* ylear that roots.mhy often with advantage be 
cut into pieces smaller than slices.. But ftne cutting and pulping yijh a view,to 

increasing the digestibility of tlie food cannot be justified*; and the common practice 

• * . * 
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•of feeding nearly everything to the cattle mixed with fine root-pulp is very ’ 
questionable. • 

In an experiment at Garforth in 1903-4, one lot ofc bullocks received the* roots 
pulped’ and mixed with their chafi and meals ; the other,received their roots sliced 
» and*fed, before their mixture of chaff and meals’: the»lattcr lot made Considerably 
the better gains. The .difference was probably due to better rumination of* the 
coarse food and perhaps better mastication of the chaff and meal mixture. The. 
importance of mastjcation has been proved in many calf-feedjng experiments; where 



Fiu 2U2.- -<j.u*DNEK Barbel Cutter. [Nicholmn.\ 


box foods have been shown to give better results than gruels;. and dairy farmers 
who have broken away jrom the practice*of mixing the chaff and meals with ro,ot» 
pulposupport the view’that the said practice is not the best. 

' Machine root-eutterS are, made in-two forms -the disband the barrel shapes : 
the disc, 16-36 inches-uudiaiAeter, Is the more coymipn ; ar^l it leads itself to many 
variations in the cutting parts".' For slicing, plain-edged knives are uaed : typically 
two Jcnives of concave shap'e. For pulping , the knives art? made with the edges cut 
into chisel or diantond-shaped points, the joints of’one knife being set to follow the 
spaces betwedh the points of the other., . • 

Gratering is probably the most poftolar Inethod'of cutting at the present time: 
the grater-disc i# made in four detachable segments of steel* plate, and the gouge¬ 
shaped cutters may vary* from extih,fine, $,-inch, to .extra coarse fingering, l|-inch. 
Finger-cutting knives may be fitted to disJ machine# ; but the coarse graterer serves 
the same purpose. * * 
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The barrel-shaped “ Gardner ” cutter is used chiefly for fingering, and may be 
ngpde to slice in the reverse direction ; but ii has the drawback of delivering the cut 
roots inside the barrel! If the latter is made cone-shaped thqcut pieces mort# readily 
fall out. ‘When used for pulping a rotating worm is used to clear the knives. 

ftoqt-cutting does,not-require very much j!ower,»and it is a very expeditions 
operation. Frequently,, however, the machine is driven at too high a speed, owing 



Kjci. 2H5. - Root-Ci.kankh, Elkvvtoh, and CctTek. [Bnmford*. \ 


• • 

to the use of a pplley that is too small or a-shaft pulley that is too large. The follow¬ 
ing particulars indicate the speed%reeommended lA' certain makers :— 


Gain ford 
Bentall 


{ Sheers and fingerers. (50 revs, per min. 
Graters or gouge cutters, 80 revs, per min. 
Pulpers, 120-150 revs, per min. 

/ W.P.B., 26-ineh dises, 21 7 t’ons per hour, 
\ 4 If b.h.p., 120 revs, per min. 

/W.P.K., 36-inch dises, 7-20 tons per hour* 1 
\ 4-5 b.h.p.. 120-150 revs, per min. 


lr . ,, • , f21-30-ineh dises and*26-inch pulley, 100 

Harrison, McGregor* . • . < ... - • • 

” L revs, per nun. • 

• • , ' • • 

If is sometimes convenient to drive the rout-cutter throtigh a speed-reducing gear 

and countershaft #t right angles to the spindly *J*his. allows of the machine being 
placed at right angles to the barn shaft t and of the us\p of pulleys of more moderate 
dflhelisions : the^peed is reduced to ali'out ane-thircL , 

The root-cuttft' is*nearly*always placed.on the grtnimUloof : an elevator may be 
attacked for delivering ftp- pufp.*’ # .Sometimes, liptfever, the cleaner is placed 
on the.ground floor, while an elevator earn os the ropts to the cuttei^ above ; and by 
means* of a board the cut rootsunay be delivered to .where they are required. 
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THRASHING MACHINES,‘SHEEP -SHEARING MACHINES 

• . 


, THRASHING MACHINES 
' " 

In British farming the operations of. ITarvhstingrand thrashing ate not combined. 
Occasionally a well-ripened piece of wheat intended for seed is allowed to stay longer 
than usual in the stook and carted direct to thp'thrasher—thrashed from the stook 
* —*but normally tke corn crop is stacked and allowed to complete its sweat before 
being thrashed. Even seed corn is. preferred by most farmers to have gone'througji 
its .sweat in the stack. The time of thrashing is determined by a variety of considers-. 
tionS—the need for seed l*om, straw, ^nd ready-money being the principal ones. 
After a bad harvest, or with crops stacked on the side of insufficient winning, the 
thrashing is deferred to allots of the further drying that takes place in the stack: 
damp com keeps better in the stack than in sacks or even heaps. 

The bulk of the thrashing is done by travelling sets o£ tackle owned by thrashing 
contractors. In some districts the machine is followed*by a staff of workers sufficient 
to carry out all the work excepting the removal of the thrashed grain: in others 
only two or three men accompany the tackle, and the farmer has to provide the 
remainder from his.own staff or by borrowing frdip his neighbours. In tly? East of 
Scotland a considerable proportion of the farms are equipped wjth thfcir own mill, 
the larger holdings having a machine that finishes ihe grain ready for market,, while 
the smaller places have mills with first or double dressing. Since «the introduction 
, of the tractor, and especially during the war, man/English farmers hi#^ purchased 
thrashing tackle, apd recently special types of machine nave been brought out that 
*re adapted for tractor haulage. . * 

There are several advantages in having one’s own thrasher: the work 1 c^p be 
done when it is most necessary* or most opportune; not hawing to pay by the day 
for the machine ^nd engine, the operation can*be cyriec^ Cut with fewer hands; 
the cost of hy-ing js saved, afld.this on a large holding is a serious item ; the straw 
can be had always fresh ar.d more fial&tjble than stacked tftraw ; and in hilly districts 
or somewhat inaccessible farms eorn.can ^e thrafched at'the proper time that would 
otherwise have to wait the convenience of the contractor or be used as fodder. 

•* r • 

Types of Drum • 


In all modefn thrashers’the corn it 'thrashed out by' a rptating drum, working 
against a concp^ that partially 'encircles it. The cohcave is adjustable in its lower 
portion to give more or less eleasance from the drum to adapt the machine to different 
* 266 
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kinds and conditions of crop. The object in adjusting the concave is to secure 
, gjean thrashing without bruising the corn. "Hard, dry corn is more readily thrashed 
out, but also more dhsily broken than corn in somewhat soft condition, h4nce the 
latter csdls for a closer setting of the concave. Pea^, obviously require^ a wider 
setting than oats. The weather at the time of thrashing may even have hn influence ; 
and less risk may*be itaken with malting barley and seed corn than with *gi;ain 
intended for*feeding. Then; are two types of drum: tlje high-speed or rubbing 
drunt, and the low.-speed peg-mill. * , 

The High-Speed Drum.--T his has typically eight rolled steel beater bars with 
ribbed faces ;*and its concave 

has plain rectangular bars ^ * 

placed edge uppermost and 
parallel with the beaters. 

Running through the bars of 
the conpave are wires serving 
to form £ grating through 
' which most of the thrashed 
corn falls. The diameter of 
the drum varies from 20 to 
24 inches, and its speed is 
about 1000 r.p.m. in the 
iftedium diameters, slowertfor 
the larger, anti faster for the 
smaller diameters to give the 
same surface yeloeity. The 



normal width in the British gas. -Modkun Thiukhing Machine, kitted th#oi4jhoxtt 
machine is “i feet fi inches, , . with B.ti.i. asd Roi.i.bk Bearings. \ Hoffmann .\ 

which .allows of corn of most ' • 

varieties being fed through parallel with the beaters : the straw is then delivered 
in an unbroken condition* and may be tied with a mechanical trusser. Machines • 
of larger width are made; there are also smaller widths, as small as 2 feet; 
but those of narrow wij}th, having to be fed with the corn heads first, break,th% 
ftraav, and are not adapted for use with a straw trusser. Generally the narrow 
* machHies are not fitted with a rotary ■screen. , 

The Peg Drum. — fph is it mosf commonly ufjgd.in^ small Scotah thrashers, and, 
with a somevjhat different sefting of the pegs^ oy American mills of till sizes. The 
bars, of the dram are not’ribbed, Jmt are fitted with steef pegs which pass between 
similar pegs on tWte bars of the ejncave. » Thq«p?gs i» the Scotch pattern are some¬ 
what teat-shaped. The diameter of tjie drum is abjiit 27 inches, and its speed is 
Sftout 700 r.p.m,, giving a surface velocity equal .to 900 revs, in a 22-inch drum. 
Drums running 6t 060 to 7TJ0 r.p # .m. are described tis sepii-hfgh speeds. In feeding 
the peg drum the cqpi ffe, put through heads first, irrespective of *the width of the 
mouth. The straw is rather badly, broken* up, apfl the proportion coming through 
with *the cavings is rather high. The principal advantages of the peg drum are its 
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lower power requirement per unit of capacity, its adaptability for thrashing different 
kinds of crop, and its comparative indifference to irregular driving and feeding, 
It is sail to thrash very clean, but it is somewhat liable to break the corn, and 
apparentjy it has difficulty, in thrashing certain varieties of barley without a pro¬ 
portion of the heads passing through'with the cavings. 

* 

; ’ . Classes op Machine , 

Machines are classified not only,according to the kind of drum with which they 
are fitted, but also according to the completeness of their apparatus for cleaning and 
dressing the sample of grain. Finishing'machines dress the grain so that it can be 
marketed or even sown without having’been passed through a winnower . simple 



* * Cm. 207._ I.on'i jrrrnlN vl. Section of Finikhinh Thrasher. \Iinxftm .(• Ituiwhy. 1 


machines merelv thrash out the grain without in'any, way dressing it. Between 
these two extremes there are different classes of machine, described as single-blast 
or first dressers, and double-blast or second dressfrs. And these diflk* one from 
another in the completeness of their first, or second cleaning apparatus. It is neees- 
iV»rv that the prospective buyer should understand the cleaning and dressing apparatus 
before accepting an assurance that a machine dresses the grain ready for market. 
The process may be best studied from the finishing drum, tiie simplifications,in the 
smaller patterns lying noted aftfnvards. ■ ' < 

r r ‘ ' < ’ 

t The FiNlsyiNc Thrasher 

In this country finishing macKvlieii are* nearly ijlways' fitted with the high-speed 
drum, and generally this'is 4 feet 6 inches wjde ; it may, however, be only It fecUi 
inches. The treatment of .the corn maybe gathered from the illustration showing a 
section through a Ruston yachine, which is representative, of'the British finishing 

thrasher. The processes are 'as follows :• •- r ■ ; * 

1 The grain js first threshed 0r beaten out of, the ear, and falls through the con¬ 
cave on to the upper shoe. <■ 
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■ 2. The straw passes forward on the shakers, through which any loose grain and 

the cavings fall on to the rear portion.of the upper shoe, while the long slrair passes 
out at the end of the machine. . ■> ’ 4 , 

, 3.- The corn,’chaff, and cavings, on the upper shoe, which reciprocates, we caused 
to»slide down and fall upon the cavings riddltfi through which the grain and chaff 
pass while the caving's sjre worked out, also being delivered at the end of the machine 
under the stAw. • In some machines part of the first bhist strikes the cavings riddle, 
the Object being to prevent its choking and to throw the dust out with the’ cavings 
instead of with the chaff. , 

4. The corn and chaff passing through the cavings riddle fall upon the lower.shoe, 
which also reciprocates and works the nurture downwards’and inwards'; from the 
end of this shoe*it falls upon the*chaff riddle, through which a blast from the first- 
fan blows. This blast removes-tfi* chqjf* which is collected in bags. 

5. The corn still contains “ c1u4a’ j and small tteeds, to take out which two riddles, 
are placed under the chafE riddle : tjie.upper of the two arrests the coarser matter 
avhile allowing the corn afld smaller seeds to pass through, while the lower allows the 

• small seeds to pass while retaining the corn. Machines differ in detail at this point, 
but the result is the same. » 

The work done under this heading—that of sifting out the. sticks, small stones, 
and weed seeds - -is known as the first dressing. 

(i. The grain after its first dressing is elevated to the top of the machine 
ifn«l delivered to. a vvoritl conveyor, which works it from the right- to the left- 
hand side of’ the machine, passing it through an awner and smutter if required 
to dress off t-fic beards and ends of the grain; at the same time the samp 1 j 
is polished. Ij. however, the grain need not pass through the awner. it takes a 
more direct track across the *en4 of the machine. There are. here differences*in 
detail; but*in any case the corp after leaving the elevator is carried to the second 
clearing apparatus. • 

7. The secoifd dressing is effected bv a series of riddles and the second fan, which 
is placed a^t-he grain end^f tlie machine. The blast carries through towards the 
cavings riddle any empty husks that escaped the first cleaning. ' 

8. Screening. The grain after leaving’the second riddles falls into the separating 
scroll? which gives ittt third cleaning and classifies it into first, second, and tail corn. 

* This i*a rotating drum torn nosed of wires with two distance^ apart. The wires at the 
left end are close together, mid thfough these fal^the remaijjing saiall s’eeds and the 
thin grain to jorm tli*> tailings'or thirds. The adjoining set of wires*are somewhat 
widyr spaced, and allow the seconds grain<to pass through ; while the head corn 
passes on to the rtghf-hand end and out <wer t 1 he , <;brn.spouts. The screen is adjust¬ 
able so as to^ive different samples. 'Shi s is necessary not'only to adapt the screen 

Various kmd$ of corn, but also toMe'di properly with different varieties of the 
same kind. A different setting is required when thrashing' the small-grained Scotch 
oats«froni*that needecl fcft # the coanfcr sorts,. It need, hardly be mentioned that the 
screen should not be’ adjusted closer whTla containing grain, or the j wires may be 
straifled by squeezing kernels trapped between them. • 
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Setting and Operating the .Thrasher. —New machines are usually sent out with • 
a book of instructions explaining how* to operate the thrasher. Certain general 
principles may, however, be emphasised. The.engine and drum pMeys must be in 
proper lipe and square witlj each other ; and the machine must be'set level length¬ 
ways as well as crossways. .Spirittlevels are provided for indicating the proper 
position. Not only is level setting essential to efficient wording,'but it is necessary 
to save the bearings froip severe or uneven wear and tp keep the drum' balanced. 

Lubrication is of special importance in this as in other machines that wdrk at 
high speed, the shafts moving at the highest rates the drum and fanners —requiring 
most_ attention in this respect. Modern machines are fitted with either ring oiler 
or bearings of the ball ot Poller type. • These require less attention with the oil-can ; 
and the importance attached to sqph improvements may be, realised by anyone who 
tries to sell an old'drum not so equipped, * , •• • 

Feeding should not begin until the drum*hl$ attained its proper speed, which 
may be recognisecPby the pitch of the hum., 4nd in feeding it is essential to deliver 
the com very uniformfy and spread ail the length of the druffi. Self-feeding apparatus 
is coming into favour in some districts. ' 

The concave should be rather too open at the start, and be approached until 
the straw is found to contain no grain. After a certain length of wear the bars of 
the concave require reversing, as they tend to become hollow in the middle. The 
beaters’ ribs also wear more in the middle, where most of the feeding is done, than at 
the ends ; and a machine with worn bare cannot ,thrash dean, without being*set 
so close that the ends of the bars break the'corn. The beater bars are renewable, 
lyit as a palliative they may be packed in the middip. 

The strength of the blast from the first fan can be varied to suit, the amount of 
cleaning needed, but it must not be so strong for pats as is allowable for wheat or 
barley, which are not so easily carried - away. The a wrier is also adjustable, and 
maltsters emphasise the advisability of leaving a little beard rather than impair the 
germinating power of the grain by dose awning. “ ! 

Power Requirement. —Drums of 22-inch diameter afid I feet 6 iiu-KTs width are 
usually rated to require 6 n.h.p., or about 18 to 22 b.h.p. in an oil-engine. Under 
fevpurable conditions the power consumfKio'n may be considerably less, though it 
would be inadvisable to install an engine of less, than 20 b.h.p.'to drive a mill of,this 
size : some reserve of pqwer is 'needed to allow for different'conditions of wsrking.' 
As indicating the powqr consumption under good cendib'ons, the dynamometer 
records of the R.A.S.E. trials at ^Doncaster in 1891"may be, quoted, The lowest 
requirement recorded was'a little under.7 h.p. with a machine delivering oats af; the 
rate of about 41 lbs. per ..iniqfitu, equivalent to 68 bushelsr- per hour. The 
heaviest demand was made Ipy another, machine delivering 58-7 lbs', of oats per 
minute, equal to 84 bushels per houni and this required 11-35, h.p. From' tlffe 
above and other dynamometer .records of thrashing w/lrk, it would appear that a 
finishing thrasherhaving a 54-inch by 22-inch drurti, but without self-feeding'apparatus 
and other extras^.can be worked with less, power than is usually considered necessary. 

If, however, the corn is put through fast enough to thrash at the rates scheduled by 
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,the miners, much more power will be absorbed. Machines of tfie same drum width 
and diameter differ in size and capacity, and although the makers in advising certain 
powers of engine* to'drive particular,’drums purposely overstate the requirement, 
they do so with ft view to there being a reserve with which to surmounf difficulties 
that may occur in practice and to ensure steady speed. Present-day machines 
are larger than tho%etested at Doncaster. , ’ , 

The following t^ible lias been compiled from the recqmmendations of two firms 
Messrt* Marshall and Messrs ftuston & Hornsjiy, to whom the writer is indebted 
for observations on’this point :— ’ 


Size of Drum. 

H.P. leqjkred. 

f ) 



» 

.» 

Weight of 



' * • 

• 

Machine. 

Width. 

Diameter. 


Oil*. 

? 

• 


• • 


_ i 

“5 

• Ft. Ins. 

Ins. 

N’.H.P. 

B.H.P. 

( \vts. 

2 6 

20 

2.! 

. « 

co 

o 

3 (i 

20 

1 

121 

*. «» 

1 0 

22 

5 

16 

• 

o 

oc 

1 6 

22 . 

6 

20 

96 • 

• 

.px 

O' 

.22 , 

7 

28 

103 


Approx, 
quantity of 
Wheat 1 
thrashed per 
Hour. • ’ 


Bushels., 

33 

17 

62 

70 

80 


* Simple Thrashing Machines 

* * 0 % 

Machines small enough to !:*■ driven by’Wd are made, and are useful for experi¬ 
mental workcand similar purposed. The drum is of the peg type, and there ik no 
apparatus for shaking the straw of separating* the cavings and chaff. Only the heads 
are inflicted in thf- machine, tile straw being drawn back aft er the corn has been beaten 
out. The-corn drops through tly concave on to a tray underneath. The width of 
the drum is typically about 12 inches, and turning it at the proper speed really 

requires the power of two men. • , » 

Thcsame type of machine made a little larger and fitted with fast and lintae 
liulld^s can be driven t>y.a small petrol-engine, the power requirement being 1 to 2 
b.h.p. "The drum is dyven ,t 500,r.p.m., and its thrashing-capacity is rated at 10 
to 15 bushels per hour in*the*1&-inch wide size and 20 fco 30 fn the 18-inch size. As 
in the hand machine the st*aw is pulled back aftet the graip has been thrashed out, 
this Saving power andj>re*’enting the straw Horn bqing broken. 

An ordinary small (3 h.p.) p#rol-engfhe can dried the drum combined with a 
'winnower. For this purpose a 4-inch jull# is fitted tm the right-hand .end of the 
chum shaftand a* 11-inch pulley on the shaft? of the winno\?er„. If, then, the thrasher 
is driven 500 ?.pA, the f&nne* pvill be*driven at its proper speed of about 180 

■ WJien thrashing bar’ley and oflts the abov? quantities, are increased by about 25 per cent, 
and 50 per cent, respectively. 
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' r.p.m. The standard size o(j pulley on the thrasher is 8 inches, and to drive this jft. 

600 an engine with a speed of 400 revc. would requite a pulley of 10-inch diameter. 

* *» • 



Flu. 2(S8.— Simim.e Thrasher with Peg Drum and Pjli.kvs with Striking „ « 
(Jear for Drive bv Small Enoire*. (,T. Corbel/.] 

'-The engine belt should be .1} inches wide, and that from the thrasher to the fanner 



Fig. 269. —Combine# Engine and Thrasher with ( First-Dressing*Apparatus 
° ’ • und Bagging Elevator. | Bon-Acford.] */ •* 


Machines with First Dressing. —It sorfie thrashers the' so-called first dressing 
cousists iliA'ely"of a cavings and chaff riddle placed^over the mouth of the first fan. 
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hs in tne case of the chaff riddle of the finishing machine. The ifpper shoe is station- • 

ary ; there is not a separate riddle for the reproval of tTie cavings ; these slidfe down 
tffe shoe on to tWchajf riddle, which does reciprocate. t The djum is of the p<jg type. 
A machiqp with somewhat more complete cleaning-apparatus*, capable of separating 
the'Jight grain and the smaller matter, such as ^and, is here represented combined 
with a #-h.p. petrol-engine. The drum is 24 inches in width, and it is rated to thrash 
SO to 35 bushels of oats' per hour. The machine is here shown fitted with baggftig 
deva\ir, but more commonly?the grain is delivered from spouts at the sidt; of the* 
riddles. With brittle straw and rapid feeding*in e machine rtf a different make, the 
writer found the bagging elevator* liable to choke with shorff pieces of straw. The 
speed of the machine illustrated is f30 r.p.m* and the pulley js 7| inches in diameter, 
i.e. | inch less than the standard pjilley of finishing machine. 

English machines with first dressing .usually ^iave a drum of the high-speed 
beater-bars type, and tip separation^the’cavipgs and chaff is on the lines of the 
standard machine. As in the ltftfefjlhe first-dressing apparatus fpr removing chaff 
and refuSe may act by suction instead of blast. At least fourkirms make machines 
.weighing about 28 cwts., fitted with cavings riddle and first-dressing apparatus. 
The power required to drive the 30-inch drum is stated Vo be about 0 to 8 b.h.p., 
and the thrashing capacity about 50 bushels of oats per hour. 

Machines with Second Dressing. -These are similar to the p/eceding type, but 
have an elevator, a second fan, and a second series of riddles at the engine end of 
the jnachine. They delive^ the grain in two qualities, and may have an awner and 
smutter. The.tirst-dressing iftafhine has no awner, and it delivers the grain in one 
quality only. The essential difference between the second dresser and the finisher 
is the rotary screen. * • ^ 

Tractor Thrashers. A tractor capable of developing 25 b.h.p. will drive a medium- 
sized thrasher with a 54x22-inAi drum and complete finishing apparatus. *The 
ordinary 5-ton mill is too hca\Jy to be hauled about by the. tractors commonly 
used ofl farms ; •hence., unless.the drum be a fixture, the combination may be un¬ 
workable* A, specially light machine is. however, made, weighing only three tons, 
which can be hauled by an average oil-tractor. 

In adapting the thrasher to tractor drfve, as for driving by any oil-engine, com 
sideratlbn must bj ghjwfto the question of the speeds ol the engine and the ckthn. 
•The standard drum pulley is 7f mches'in diameter, and its speed is about 1000 r.p.m. 
The tractor pulley audits -peed vasy in different makes ; anti it is necessary to make 
the usual calculation to determine the proper size*of jiwlloy ffl fit on either the drum 
shaft or that o! the tractowto give the correct drum speed.. 

• * * • * ‘ 

* SHEF,P-S11KAJi ING MACHINES 

• «* • • * * * • 

The sheep-ih^ariijg machine is a true labour-saving dfcvice, in that it not only 
increases the output per,man, bat.it alsfl enables the. Comparatively unskilled to 
perform the work of the skilled worker; «ind after a* little practice to perform the 
work more satisfactorily than itds done bv tbe average skilled hand*workev. Where 
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• many sheep are kejffc the machine & a great help; but the fact that it is little^ised oh' 
' the Highland hirsels shows that it is npt indispensable. 

Th^ principle of the shearer is the same as that of the fingej-bas and knife sectiOhS 
of the mower. The details are; however, different. The comb oorrespqpds to the 
finger-bar and the cuttef to the knife; but instead of each section moving adross 
Only one space, in the shearer there are three times as many spaces as cutting«ections. 
The function of the knife caps of the mower is performed hy the forks of the shear 
head, /.he tips of the bars ‘pressing on the cutters a*nd holding them down^n the 


JSjT 




^m.,'27.1 .—Shear Head. [ Woladty ]. 



I I I 


Via . J72.- Standard 
($)M h. [ Wokrlry . |. 


Fig. 270. — Sheet - shirking 
Machine with Uear 
Drive • and Flexible 
Shaft. iWolsdey .] , 



Fiu. 1273 .—Standard 
Cutter. [ Wobdey .] 


Ci . ( • - 

cofob during the cut. The adjustment of the pressure of Thp forjc on the cfitters is 
one of the details to be mastered in the operation of the, machine: the pressure 
must be evpn on both stdes of the cutter, and while it jnust foe sufficient to ensure a 
clean cut, it pust p not suck as th cause undue friction anS wear. 

The combs and cuttep must both be kept sharp. If«fehe wool is gritty, they soon 
require changing. Some makers, lyre out combs and cutters or regrind them for'their 
customers. Grinding is "effected'with a devolving disc covered wi% emery cloth;- 
the parts to be sharpened are'first thoroughly cleaned of grease. „ 

The machine has a .very high speecP, a|)out 3000. regiproca^onf per minute. In 
the machine here illustrated the driving Vihaft pnist be rup at 400 revs, .per minute 
to give the correct speed at the shear, head. ?he pulley tin the shaft is 10 inches in 
diameter.® cTbe'power required is- J to 1 b.h.p. • 
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A shares, 123, 1&, 127, 129. 

Acme harrow, 74, 75. 

Acreomefer, 104, 111. 

Action of digger breast, 10, 20. 1 

lea breast, 7, 19. 
needle, 162. 
tines, 48, 47, 48. 

Adhesion* 233, 236. 

deration, 2, 5, 7, 11, 12, 51, 64, 78, 79, 122. 
After-cultivations, 122-134. 

Air in fuel mixture, 193, 198, 201, 203, 207. 
Alignment of bearings, 158, 173, 175. 
chain sprockets, 160. 
finger bar, 139. 
plates, 138. 

Anchor, self-moving, t 2l6. ^ 

Angle of coulter, 37. • * , 

draught, 41, 185, 236-239. 
tines, 47,48, 69. * ♦, t * 

Anti-balance plough, 209, 219. 

Arrangement of b&rn machinery, 130, 192, 244, 
246, |51, 259, 265. t 

Artificial manure crushers, 97. , • 

distributors, 97. • 

Attachment of chain horse, 185. , 

Automatiofceder, 257, 259, 270. # 

Autumn cultivating. 50, 51. t 
ploughing, 3, 9, 11, 12, 14. 
rains, 3, 9. 

rolling 77. • 

soiling, 78, 210. • • 

•Awner gnd smuttcr, 269. t 

Babbitt metal, 173, 174. • * ( 

Bagging elevator 259. , 

Balance plough, 22, 23, 218, 299. 

Ball Bearings, 175. , • , 

valves, 90, 92. 

*Bamford enginef 208. 

Saw fallow, 10, 13, 63, 122, 210. 

Bam machinery. 24V265. 

shaft, 245. * 

Bar-p#int plough, 35. 

Bastard fallow, 51. 

Beam ,jl2, 41, 238. 


Bean drills, 107^118. % 

Beirings, alignment of. See Alignment. 
• ball,J75. 

• collar, 176. 

• .plain, 174. 

ring oiler, 173, 270. 
roller, 161, 175. 
self-aligning, 158,493, 175. 
thr&st, 175. 

Beaters, 267. , 

B*lt shifter, 251, 258, 272. 
slip, 244, 245j 
speed, 243s 

Big end bearing, 195, 205. 

Binder head, 161. * 

shifter, 155. 
twine, 152, 159. 

Blackstone, S.F.C. engine, 205. 

Blades for corn hoes, 124. 

. root hoes, 127. 

Boiler efficiency, 191. 

Bottom web, 258. * 

Brabant double plough, 24, 25. 

Brake Ijorse-power (b.h.p.), 191, 199. 
harrow, 68. 

pin. 111. • 

British Thermal Unit (B.Th.U.), 168. 
Broad s^are, 13, 49, 50. # 

Broadcast seeders, 115. 

' Broadcasting, W3, 110. 

Broken furrow, 10, 20. 

Brush feed drill 116. 

Bushes, 134. * 

• • . * 

Cable tackle, 211-220. 

CakS Beakers, 25B. 

Cambridge roller, 78, 80, 85. 

< Camtdifgi cultivator, 54, 55. 

, one-way plough,*26. 

•(Janvassesf 160, 161. • 

Capillarity, 3, 5, 9, 58, 80. 

• Carburetter, 198**226. 
lurrying hay, *145. 

►Carts, 15(L 179, 180. 

Cast steriureast, 31. 
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• > * 1 
.Cavings riaflle, 269, 276. 

Centering of sections, 140. 

Centrifugal distributors, 94. 

Chad cittters^ 264-260. , 
riddle* 269/ 273. 
sifter, 258,MW). 

Chaff-cutting.'practice of, 255. 

Chain harrows, 72. 

horse, 180, 185. " 

<■ pump, 90. 

tightener. 160. 

Charlock cutter, 144. 

Chemical energy, 168, 177,'182. 

Chilled breast, 20. 31. 
eoulter, 36. • • • 

share, 31, 34. 

Choke tube. See Carburetter. 

Chopper. See Ohaft cutters. 

Clevis, 33. il. 239. 

Clod-breaking, 62, 63, 73, 75. 

Clod-crushing, 81, 86.“ , 

Clover seed drills. 115. 

Clutch, 257. 

Coal, energy in, 168, 191. 

consumption, 191, 212. 

Coefficient of friction, 172. 

Cohesion, 6, 62. • 

Collar, fit of, 185. . 

Collar bearing, 176, 246. 

Collector, 146. 

Comb, 274. 

Combined Cambridge roller and clod-crusher, 

" 86 . 

disc and skim coulter, 40. 

vnginjand thrasher, 272. 

fertiliser and seed drills, 118. , 

haymakers, 145. 

mills, 252. 

Combustion, 168, 169, 193, 198, 201, 207. 
Compound engine, 188. 

Compressed air, 203." 205. 

Compression, 194, 195. 201, 203. 

Concave, 266, 270. 

Condenser, 188. 

Conditions favourable to crops, 1, 9, 
Consolidation, 5, 9, 77, 80, 88. 

Constant level carburetter,. 198. 

Consumption. „See if’uel. 

Contact breaker, 198. 

Cooling, 194. 

Com, harrowing, 63. 
harvesting, 151. 
hoeing, 123. 

rolling, 77, 78, 80. ', 

seed bed, 5, 9, 11, 13, 76.’ 
sowing, 103, 110, 

Com crushers, 247. 
drills, 103. 114. 


Corn hoes, 124. 
mills, 24$. 

Cost of fuel, 192, 212, 22J. 

' horse labour, 183, J 85. ' 
tractor work, 225-230. » 
Coulter, of ploughs, 36-40. 

of drills. 111.. 

Countershaft, 245. 

Crank shaft, 141. t61. - 
Crosskill roller, 86. 

Crosslev engines, 201, 202, 207. 
Crust, soil, 64, 78, SO, 87, 122, 127. 
Cultivating, autumn, 50. 

spriflg, 51. •* 

Cultivation, 1. 

Cultivators, development, 49. 

, draught, 59. 
iunotiohs, 50. 

Ttyheral care, 00.' 
tractor, 58. 
types, 53. 

Cup-feed drills, 105, 119. 

Curved tines, 47. 

Cylinder, 187, 193. 

'oil, 174, 191, 196, 226. 

Dando pump, 92. 

Decarbonising, 196. 

Depreciation, of homes, 184, 224. 

of tractors. 227. 

Depth of drilling, 110, 118. 
hoeing, 122. 
ploughing, 12 15, 223. 
Diaphragm pump, IK), 92. 

Diesel engine. 203. 

Digger ploughs, 20. 
work, J(). 

Direct traction, 211, 213, 221. 

Disc, eoulter, 38. 
drill coulters, 112, 117, 119. 
feed, 107. 
harrow, 75. 
hoe. 130, 132. , 
mill, 248. 
plough, 27, 213.* 

‘’pulper, 263. 

Distributors, hrtif.ual manure, 97. 
liquid manure, 92. 
seed. See Drills, 
yard manure, 93, 95. 

1 Divider, opening out, 156. 

Dog, 16 1 . 

Double bar horse hoe, 126.. 
breast plough, 27, 28. 
disc drill, k!2. 

harrow, 76. 
eligine system*, 215.' 

| furrow plough, 26. 



Double ploughing, 39, 40. 

.‘JJjag chain, 8, 40. , 
harrow, 64. • ’ • 

Drainage, J, 4, 16, 47, 211. 
Draught, by horses, 178. 
oPimplements, 172, 181. 
of vehicles, 179. • * * 

Draw-bar pull, J78, 235, 236. 
Drill grubbing, 122,133. 
rolled, 87. , 

rows, width of, 110. 

Drilling, advantages of, 103, 110. 

method, 114. ' 

Drills, bean, 107, 118. 
clover, 115. 
combined, 118. 
corn, 103-115. 
fertiliser, 97 102. 
root, 118. 

Drum, type*, 266. 
ifung spreaders, 93 97. 

’ Dust extraction, 260. 


Ear lifters, 157. 

Electric ignition, 196. 
Elevators, chaff, 259. 
corn, 269, 273. 

•palp, 264. 
l oots, 265. • 

straw, 148, 149.* ^ 

Emery disc mill, 249. 
paste, 195. , 

wheel, Ul, 274. 

JSnergy, 168. • 

Engines, Diesel, 203.* 
gas # *>07. 

oil, 2<itL • 

paraffining 
petrol, 194. 
petrol-paraffin, 201. 
semi-Diesel, 203. 
steanF, 187. # % 

Eqiuflisers, three-horse, 18t* 
*Exhaitll gases, 198, 203, 226. 
port, 187, 188. * , 

valve. 1 Oil. 107. 

Expanding rolled, 80. 81# 
Expulsion of gases, 193. 
petrol, 194. « • 

- steam. 188. # 
water, 79. 

External force foedt 108. 


Failing of corn crops, 9. • 

Fan blast, 269, 270. * * « 

Fastenings of harrow teeth, 65, 66. 
Fatigue, 158, 172, 185, 225. 
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Feed rollers,^56. 
deeding, horses, 182, 183. 
mills, 249* •• 

thrashers, 270. * 

Fecriijg, 42, 24(f. - . 

Fermentation of grass, 142. 

Fiddle sower, 115. • t 

Field, marking out for ploughing by horses, 41 ^ 
by tractor, llO. • 

Fineness of tilth, 4,*9, 63. 

Finger bar, 139. 0 

plates, 137, 138. 

| e wheel distributor 100. g 

Jinfeering, 263, 265. 

Virfishiij^ a furrow, 44. 

• Finishing thrasher, 268. • 

Firmn^s of soil. 5, 6, 9, 13, 78, 80, 88, 115, 
118. 

First-dressing apparatus, 569, 272. 
fan, 269. ‘ 

Five-ltnife chopper, 255, 256. 

Flat plates, 250* 
ploughing, 22, 41. 
roller, 83. \ 

system of rt>ot growing^ 118, 126. 

Flexible shaft, 274. 

Flexibility, of finger bar, 141. 
horses* power, 177, 178. 
steam power, 190. 

Float-feed carburetter, 199. 

Flour sifter, 252. 

Food, as fuel, 182. 
cost Jor horses, 183, 184. 
preparation of. 247, 2T>0, 254, 261, 263? 
Foot-pound, 167. 

Force, J67. 

Force-feed drill, 108, 109. 

Fore-carriage, 158, 186. • 

Fore steerage, 113, 125, 126. 

Forinuljf. horse-power, y58, 189, 190, 199, 200. 
size of pulleys, 244. 

Forwardness of work, 50, 178, 210, 221., 
Four-stroke principle, 194. 

French pldugh, 24. 
scarifies 64. * 

trae|ur,*2U4. ^ 

Friction, M 7^-176. 

Frost,* effects of, ♦, 5, 17, 78, 79. 

Fruif.-grtiwer’s plough, 23. • 

1 Fuif copsunfytiorf: oil engines, 183, 207. . 

I* petrol endues, ft)8, 200. 

* $ steam Aigines^ 191. # 

I suetion*gas plants $07. 
i tractors, 183^500, 212, 225, 242. 

| •Fuel efficiency 169, 182, 192, 200. 

* # injectiop, 203-205. 

• | Furrow,*finishing a, 44. 

' open, 22. 
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Furrow-press, 9, 78, 87. v • 

Furrow-slice, forms of, 7-11. 
width bf, 2/, 43, 233. *. 

Gallows p|oug&,,15, 22. « 

Gardner turnip cutter, 263, 265. , 

Garfofth experiments, 165, 263. 

Gad engine. 192, 207. 

Gear, horse, 177. < * 

Gearing, "chaff cutter, 257. c 
drill, 107, 110. 
mower, 141, 142. 
paraffin engine, 202. 

t»lf bindet, 161. * ' ( 

General purpose haymakers, 143. • 

ploughs, 20. , < 

Goss & Savage blades, 126, 127, 129. ‘ 

Governors, 199. 

"Gradient, 84, 180, 2l« v 
Grain .wheel, 160. * 

Grass seeds, 80, 115. 

Gratering, 263. 

Grinding, corn, 247, 250. r 

engine valves, 195. 
mower knife, 141. 

Grist mills, 248-252. * 

Grubbers, 53. ‘ 


H. & A.S.S. trials, 158. 

Hall, Sir Daniel, 3, 182. 
and hoe, 131. 
a.d^soil, blades for, 127. 
cultivating, 50. 
ploughing, 37, 44. • 

tractors on, 235. r 

Hardwood bearings, 83. 

Harness, 185. 

Harrow tooth fastenings, 65, 66. 

, Harrowing grass land, 94, 72. 

Harrows, draught, 66, 68, 71, 76. 

functions, 62-64. * 

•Scooter, 70. • 

type's, 64-76, 132, 133. 

Harvesting machinery, com, 152. 
hay, 135. _ * 

potatoes, 163. »* c: 

Hay, fermentation of* 142. 

quality, 135. 

Hay bogie, 149. 
collector, 146. 
hotder, 146. 
loader, 145. 
sweep, 146. 
unloader, 148. 

Haymaker or tedder, 143. * , 

Headland running, length of, 234, 242, 
Headlands, for h»rs3 ploughing, 41, 42/18 
tractor, 240. " ■ 
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Heat energy, W 189, 173, 177, 182. 
^engines, 187-208. „ 

"ipechanical equivalent of, 169. 

Heated bearings, 141, 173. ‘ " t 

High compression engines, 203, 205. 
speed engines,-194, 197. 
speed gear (mow$r)[ 136, 141, 142. 
tension magneto, 197.’ , 

Hillside plough, 23, 25. r ’ 

Hit-and-miss governor, 199. 

Hitch bars, 239. 

Hitches*and side draught, 236-239. 
Hitohiflg the team, 185. 

Hoe drill. 111. 

Hoeingr corn, 123. 

« roots,' 126. 

Sbje^ts'of, 122. 

Ho‘ppqi> of drill, 105, 107. 
of mill, *248, 251. 

* of pulper, 262 >■ 

Hopper-cooled engine, 201. 

Horizontal engines, 193, 195, 201, 208. 
Horse, as a motor, 177-186. 

cost of keeping, 183. 
flexibility, 177. 
fuel efficiency, 182. 
power of, 168, 177, 178. 
reliability. 177. 

replacement by mechanical power, 211. 
rforse gear, 177. 

hoes, 132-133. f ' 

Horse power, definition of, 168. 
brake, b.lvp., 191, 200. ' 

draw-^ar, 200. 
indicated, i.h.p., 189, 199. 
nominal, n.h.p., 189, 215, 271 
rated, 19!), f(IO. , 

Home-power, of horses, 178. 
of petrSl engjnes, 199. 
of steam engines, 189. 

, of tractor engines, 200, 235, 236. 

’ Hot bulb engines, $01, 203. 

Husbandry, rules of, t»0, 1C2. 
Hygrometer, 142. 

“ Idle iorn”%78, <582, 224. 

Ignition, by^compres^on, 194 If 203, 205. 
high tension,*196, 197. 
low tension, 1,9?, I!j8. 

«Implement, definition, I7i. 

Indicated horse-power, i.h.p., K39, 199. 
Induction pipe, 198, 199. 

Tnlct port, jlStt. 198, 202. * 
i Inlet vajve of>gas engjftc, 2(l7. 
lnner'shoe, 139. * * 

• Intermediate motion, *177. 

Interaal combustion engines, 192. 

foree-fef-ri (drill), 169. 



' J hangers, 245, 246. 

• Jet, 198. 

’ Journal, 173, 174. f ^ 

. • 

Kellner, iTatrition studies, 178, 182, 184. 
Keftt plough, 22. 

Kibbliifg, 250. . * » 

King, power o^horses? 17K 
Knife, of chaff cuttfc, 256. 

mower, 137, 140. 

Knife coulter, 36-38. 

head and connection, 139. 

Knocking, 194,S98, 201. 

Knotter, 153, 181-163. 

• 


L shares, 124. 

Laid crops, 14, 64, 78, 103 4 122 
Land press. See Furrow-press 
roller. m See Flat roller. 
i side, 33. • % 

, Lands, ploughing in, 23, 42, 240. 

Lea plough, 7, 8, 18-20. 

Ledger plate. See Finger plate. 

Lever, 171. 
harrow, 47, 69. 
hoe, 125. 
neck, 35. 

• turnip slieer, 264., ^ 

Line of draught 34, 186, 237. • # 
Locomotive, 187^ 

Lodging. See Laidcrops. % # 

Loose carriage digger, 22. 

Low tension block, 197, 198. • 

magnefo, 14J7, 208. • 

^Life of tractors, 227! , • 

Liquid manure, cart, 89, 92. f 
pu mps, 9 0. • » 

use o??^H). # 

Lubricant, consumption, 226. • 
Lubrication, 173, 194, 202. 
of ball bearings, 175. 
of eftgine cylinders, 174,491, 226. 

* o4 mower, 141. • % 

• of 4fclf-binder, 161. 

of thrasher, 270. • . • 

•• 


Machine, detinilion, 17If 

Magneto, 197, 208. # 

Mangel seed, 5, 81,418* * • 

• Manometer, UjjS. $ 

Manure covering, 12, 15, 40, 94. 
distributors, artificial, 97 -ll)2. ^ 

liquid, 92. • # \ 9 

vard, 93-97. • . • . 

spreading, 93. • • * 

Marker, 27, 28, 127. * 

Marking out land for manuring. 94* 


INDEX 
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• V • ’ 

Match pjsujh. See Lea plough, 
ileal sifter, 252. 

Mean effective pressure, 190. a , 
Mechanical'cultiva^on, advantages d, 210. 
efficiency, 171. 191: ) / 

systems, 21 fl ** 

Mill plates, 550. « • 

stones, 250. • i 

Misfiring, 19(L • 

Mixture (fuel), 19^ 196, 198, 201, 20.3. 
Moisture, .3, 5, 8, 9, 11. 17. 50, 52, 62, 81, 123, 
142, 150* 

/Mole plough, 16,211. 

Mqtor plough, $1 1* 
h windlass, 214, 215. 

Moulding up, 123. 

„"Mow%r, cutting mechanistn, 137. 

* drtwight, 142. 

operation, 140. 9 

Mowing, time of, 13fL^ 

Mulqli, 4, 5, 9, 5C|/f$2. 

Multiple gear disc, 110. 
hoe, 123, 1201 

* plough, 26.. 


• 0 

Natural settlement of sdll, 6, 11, 13, 78. 
Neck weight, 5.5, 157, 185.* 

Needle of hinder, 159, 162. 

valve, 199. 

Nitrate crusher, 97. 

Nitrates in soil, 78, 79, 123. 

Nominal horse power, 189, 215, 271. 
Norwegian harrow, 74. 


• • 



•Oat ci op. See Corn. 

Oats, food value, 182, 183. 

Ogle engine, 204, 206. 

Oil engines, 183, 200-208. * 

One-way ploughs, 22, 213, 219 
Opening out divider, 1£6. 

Operating the binder, 153. 
cultivator, *50. 
drill, 114. 

horse Hoc, 124. 127. 
mill. 349. * 

pli»iglf,a;i-44.— ’» 

thr^sffiei% 269. • • 

tractor plough, 241. 

Oscillating magneto, 197, 208. 

Orto *yolef 194.* 

■ Overhead jarrief*, 97, 149. 

• , • # 

Pare, lffe, I79,.22;t 

Pan (subsoiy,^, 16. t • 

■•Paraffin afffuel, 183, 194, 201, 203, 22t 
» carbiJacttei. 201, 202. 

engines, 293. * * * 
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FARM, IMPLEMENTS* AND I^VCHINERY 

R.Ai.E. tfyai&v 101, 103, 191, 212, 221, 25Q, 
• 25J: 270. 


• ’ ^ ( 

Parallel expaAsion hoc, 129. 

Paring skim, 13, 60. 

Peg drunir 267./271. , 

Percolatici', 3,f», 16. « 

Petrol as f\el,(:09, 194, 198, 226. 
engines, 194-200. 

Petrol-jjaraffin engines, 201, 202, 226. 

Pettier Junior enginei 202, 204, 205. 

Pjston rings, 194, 195. 

Pitch of share, 19, 34. * 

of tines, 47, 48. * 

Plain link harrow, 72. • 

Planet hoes, 128, 131. 

Plaqk harrow 73. > » 

Platform of binder, slope of, 154. 

Plough, draught, 44, 45, 235. 
functions, 7. • 

materials, SO. 

, setting, 33. 
tractor, 231. 
types, 18. 
varieties, 21. 
work of, 7-17. 

Ploughing, method of, 42, 241. 

Pole carrier, 157. 

harness, 185, 1861 < 

Potato dibbler, 121., 
diggers, 164. 
harp, 165, 166. 
harrows, 132, 133. 
moulding, 123. 
vOanters, 119, 120. 
plohfeh, 163, 164. 
saam opener, 120. 
sorter, 166. 

Power, definition, 168. 
rating. Sec Horse-power, 
requirements, 243. 
transmission, £43. 

‘Pre-ignition, 194, 203/ 

Press irons, 104, 111. > 
spring. Ill, 112. 

Pressure of steam, 167, 188-190.'’ 

Pulleys, 244, 245. 

fast and loose, 251, 259. 

Pulp elevator, 264. 265. 

Pulpers, 261-265. s 

Pulping of roots,^61, ^63. « . • 

Pulverisation, 4, 10, 46, 51, 62} 73, 75, 81-86. 
Pulvt-riBing harrow, 75. 

Pumi¥. chain, 90. 
diaphragm, 90, 92. 
plunger, 90, 91. 
semi-rotary, 90, 92. 

Rush hoe, 131. • , 

Quantity of liquid manure, 90. 
of Seed, 10.?, 10#. * 


Rainfall, 3, 9, 13, 16. , ■ { 

RanSomes’ V/i/.ard engine, 206, 244. 

Rated horse-power. See Horse-powel'. 

Rations for horse?, 182, 183. 

Rectangular furrow pliee, 7, 20.. 

Reel of binder, operating., 154. 

Reversible plates, 250. • ' 

points, 35. ' 

Reversing gear, 257, 258. 

Rick earsier, 150. 
lifter,. 149. 150. 

Ridge drills, 118. 

, hoes, 128. 

ploughs, 27, 28, 133. 

, * ntlletfH?. 

rolling, 81, 128. • 

system, 126, 128. 

Ridges, setting, 43. 240. 

Riding ploughs, 231. 

Ring oiler bearings, 173, 270. 

Ripening of corn, 151. 

Road surface, 179. 

Rollers, diameter, 81. 
draught, 81, 84, 86. 
functions, 77-81. 
types, 83-88. 

Roller bearipgB. #61, 175. ' 

Root cleaner, 261. • 

cutters, 261 -265. < 

elevator; 265. 

" lifter, ,166., 

“ Root-fallen,” 78. 

Rotary dfstributors, 94, 10J. 

' feed (proper), 262. 
harrow, 40,11. 
magneto, f97. * 

screen, 269. 273. 
sorter, 166. * 
tillage, 209. 

/libber. See Plank harrow. 

Russell, Sir John, 3? 2J0. , 

\ 

Sarfile, fit of, 186. 

Saddle-Back luvro\y,*l 32, 133. 

Safety feeding devices, 259, 270. 

Scarifiers, 48, 53, fA. 1 ’ 

>. Scotch grubber, 5.3. 

harvest cart, I'/'(’. * 

haymalVmg, 150. 
sued drill, 117, 118. 
t thrashers, 267, 272. 

Scrawler, 27} 1;?7. 

( ‘Screen. 259, 273. , 

.Seam* opener 12(8 

• Sccond i -dressing apparatus, 269, 273. 
hoeing, US. % 
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1 Soctkfcs (knife), 139, 140. 

Seed, depth of covering, IKl. 
j> size and quantity, 104. 

uniform distribi4ion^l02. 

Seed harjel,'l08. * 

•bed, 4, 5, 6, 8, 9, 11, 13, 78. 80, 118, 222. 
Narrows, 67. 

tubes, 112. | • | 

Segment rolle% 83. * 

Selfajjigning bearings, 158, 173, 175. 1 

Self-binder, accessories, 155. 
adjustments, 159. 

draught, 15ft * 

engine, 159. 1 

manipulation, !q-‘l. 
tying mechanism, 161. I 

Self-cleaning harrows, 70, 71. ", 

feeders, 257, 259, 270. . • ] 

Self-lift cultivators, 48. 55’, 58. , ' 

harrows, 70, 71. , 

plough, «8. 223, 231, 232* 

Semi-Diene! engine, 203. 

Semi-digger plough, 21. 

JSomi-grubber, 57. 

Semi-rotary pump, 90, 92. 

Sotting the plough, 32-44. 

Shafting, 245, 246. 

Shares, cultivator, 49, 50, 60. 

• plough, 31, 33-36- % 

hoes, 124, 12J, 129. • * 

Sheaf, carrier, 1 52 , 

size of, 152, 16(n* % # ' 

tightness, 159. 

Shealing mechanism, 159. • * 

Sheep sh?are^ 273. % 

*Shrawardine traeto? trials, 71, 183, £00, 236. 
Siekle tine, 48. * 

Side *dHiv ery rak$, 143, 145. • 

Sid^-TttlUlibt, 157, 186, 236-239. 

Side hoeing, fifi, 130-132. • 

Simple engine, 188. 

thrashers, 271. 

Simplex pump, 90, 91. • 

-bar horse he#, 125, 124. 

Singlagmgine system, 216. 

Skim coulter, 38-40. • 

Skimming, 12. • 9 „ 

ploughs, 13, $6, 50. % 

Sleeve-valve engine, 202, 203? % 

Slide valve, 187, L9L t • $ 

Slipe. See Plank harrow. A 

Sl#w-speed engines, 195, 197, 246. 

•S9w4ng. See Seed 


I 


\ 


Spare parts. 13, 115, 142, 228. . 
Sparking plug, 196, lift. 

Speed of belts, 2 


243. 


jetm ui uciwj, aio. _ , ^ — 

of qpgincs, 194, 197, 199, 201, m, 24<f 
of pulleys, 243, 244. ^ • 


Speed o{ shifting, 24tf. 

5 Spikcd chain harrow, 72. 

* roller, 86. 

Spiral peed 1 tubes, f\2. . 

Splash'lubrication,T94, 202. 
Splits pulleys, 245. > 

Spring cultivations, 51, 52. 
harrowing, 64, 78. , 

ploughing, 11, 14, 52. 
rolling, 78, 1 '79. 1 
Spring press, 111, J. 12. 

tension (canvas), 160. 

’ tooth harrow, 48, 69. 

tine cultivator, £5. 

) tines, 49, 50. 

’ Spuds, 233. 

’Steayi cable tackle, 212-220. 

• coj gumption, 188, 191. 
cultivator, 51, 219. 
engine, 187-192. 
plough, 219. 

Steel breast, 30. 

shares, 31, 3p. 
peerage drill, 11A 
hoes, 124, fj5. 
ploughs, 23 U 
Storage of binder, 161. 
of drills, 115. 

of manure distributors, 102. 
of mowers. 141. 

Straw elevator, 149. 

Stubble breaking, 27, 51, 222. 
cultivating, 50. 
skipiming, 13, 75. 
Stuffing-boxes. 191. * 

•Subsoil, 3, 15. 

Subsoiling, 15, 16, 29, 30, 211. 
Subsurface packing, 47, 78. 
Suction gas, 207. # * 

‘Suffolk coulters. 111. • 

Sulky ^plough, 25*26. ^ 
Superheater, 188. 

Surface eulti’ffflion. See Mulch. 
►Swath turnei, 142. 

Sweep ralce, 146. 

Swing plough, 21^ 
stcfragcvJ21.'** 

I. " •> 

jTeSUer! 143. * + 
f Tensiytkof twine, 159. 

Tllfstl* cutters, 49, 144. 

» # Th rashers, slasseA of, 268. 
drums, 267. u *’ 
finishes, 268.^.. \ ’ 
power requirements, 270. , 

. setting mid operating, 269. 

simply machines, 271. 
Three-drill grubber, 133. T * 


2^1 
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Thr'ec-furrowl, ploughs. I3ec Skimroinifplough. 
Three-hocse yokes, 157, 186. , 

Threc-rot harrow, 132, 133. 
hoe,„ia.4-12f , c - 

ridgcr, its, ifc, 51, M3. ‘ 

Throttle gEvcnjiiag, 190. ' 

Thrust^bearings, 175. 

Tillage, objects of, l r 6. 

Tjlting lever (hinder), 154. 

Timing igpition, 194, 197.• ‘ 
valves, 195. t 

Tines, action of, 46-49. 

Tracteur treuil, 218. 

Tractor cultivators, 48, 58, :J9, 
disc harrows, 78. 
harrows, 69, 70, 72. 
ploughing, method,of, 241. 
setting rfut land for. 240. 

* pjoughs, hitches, 236 -239. 
riding type, 29, SfbC 
self lift, 16, 230, 232X, 
side draught, 236. 
sizes, 233. 

subsoiling, 16, 29, 30. ■ 
width of work, 234. 
rollers, 80, 83. ^ 
thrashers, 228, 273.' 
trials, 71, 183, &K), 221, 235. 

Tractors, cost of work, 225-230. 
depreciation, 227. 
development, 221. 
disabilities, 177, 213, 224. 
uric-bar pull, 234. 

(giving barn machinery, 246. 4 

fqpl fcolteumption, 183, 200, 212, 225, 242. 
lubrication, 228. 
quality of work, 221. 
repairs, 22 7. 

saving of horse labour, 224. 

" of man labour, 223. 

weight, #35, 236. t 
Tjvneh cutter, 211. 

pfojghing, 12, 15, 211. 

Trip spring (binder), 159. 

Triple ridgcr. See Three-row ridgcr. ‘ 

Tripod chain harrow, 72, 73.*- 
Turnip lifter, 166. ' ‘ " 

Tum-wrest plougu, 2!>. 

Twine, requirement, 152. % 

tension, 159. 

Two-^prrow plough, 26. 

Two-stroke engines, 202, 204,*205. ‘ 

Tyre, width of, 180. ' , ' 


Undfr-ruififebJ (drill), 108, 109. 

Ur ilorm dyprihutirfn, fertilisers, 97, 101. 
Jiquid manure, 92. «■ 

seed, 101^j < U 

yard manure, 93. 

Uniform mixif.g (fuel), 198. 

Urine, collection 'and qse bf, 89. 


Valves, 


engines, 
no fir 


195, 197, 202, £07, 208. 


pumps, 90, l 92. 
grinding in, 195. 
setting, 190. 

Vehieler, draught of, 179, I80y 

Vertical engines, 188, 194, 204, 206. 

^Wagons'. 179, 180. 

Watcr'-fiallest roller, 82, 83. 

Water injection (fuel), 194, 201. 

Watt, .tallies, 168, 178, 209. 

Wefts. feeding 258, 259. , # 

Weed seeds, 13,15, 50, 03, 81, 122, 209. 

Weeds, 1, 5, 13, 15, 43, 47, 50, 52, 63, 103, 122, 
126. 

Weight of horses, 178. 
of steam tackle, 214, 215. 
of tractors, 235, 236. 

Westfalia distributor, 99. 

Wheat. See Corn. 

Wheels (voliiqjcf), 180. 

Wliippletrees, 186. * 

Windlass engine, 215, 21*k m 
motoi*. 214, 215. 
plough, 21^. 
tractor 218. 

Wing (pfshare), 19, 31, 3.% 

Winnowef, 271. 

Winter cap. 6# 
corn, II, (f4, 78, 210, 1 

ploughing, 9. 
ridging, 2, 3, 9, 51. 

Wood, Prof. T. B„ 3,182. 

•tt^iod beam, 31, 32^ 

hprrow, 69. t , 

pulley, 244. \ 

Wohk, definition of, 167. 
energy, 169,*177url82. 

Working daf. 178, 179, 183, 227. 

Worm feed, 249,856. * 

• ,• | 

Workshirc^sccd harrows, 6#. 


‘Zig-zag harrows, 62, 65, 67. , 
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